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! Foreword

This report is one of a series prepared by the Bell Helicopter Company, Fort
' _ Worth, Texas for the National Aeronautics and Space Administration, Ames

• Research Cente_ Moffett Field, California under contract NAS2-6599._ These

'. Tilt Rotor Research Aircraft studies were jointly funded by NASA mnd the U. S.

ii I Army Air Mobility Research and DeveLopment Laboratory, Ames Directorate.
L

The Administrative Contracting Officer was Mr. Richard J. Abbott. The

Technical Monitor was Mr. Martin D. Maisel, Tilt Rotor Research Aircraft

I Office. Mr. B. Churchill, Tilt Rotor Research Aircraft
Project Gary Project
provided technical support of the effort reported in Volume V.

Volume I -- V/STOL Tilt Rotor Study, Conceptual Design --CRI1441

_ _ Volume II -- V/STOL Tilt Rotor Study, Research Aircraft Design--

_' L CRI1442

D Volume III -- V/STOL Tilt Rotor Study, Research Aircraft Project

_ _ Plan--CRII443
Volume.,IV -- V/STOL Tilt Rotor Study, Wind Tunnel Investfgation

,i:![. Plan--CRII4444
Volume V -- V/STOL Tilt Rotor Study, A Mathematical Model for

_, Real Time Flight Simulation of the Bell Model 301
| Tilt Rotor Research Aircraft--CRl14614

_* Volume VI -- V/STOL Tilt Rotor Stu_, Hover, Low Speed and

Conversion Tests of a Tilt Rotor Aeroelastic Model_ --CRI14615
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I
' I LIST OF SYMBOI,S

This section describes the symbols used for the time dependent variabl.cs that

• are passed between the subsystems (see subsystems block diagram, Section I).I_
: Key to Nomenclature:

• Y_ Z Indicate body axes forces
X_ Y' L Indicate wind axes forces

I D, ,
i, M.NM Indicate body axes momentsi', , N' Indicate wind axes moments

"_" I Subscripts

I I F Fuselage_

__ W Wing

! _ WP Wing-pylon
_._ H Horizontal stabilizer

•ii_ I V Vertical stabilizer:: R Right rotor, " - L Left rotor

SP- Shaft pivot point

!_.. [ P Pylon,'I,: MG Main gear

"_) NG Nose gear

I a Ai ler on_: e Elevator

_ r Rudder

t':' 11 PA Pilot station

• I CG Aircraft center of gravity

R/W Due to rotor at wing "_
_ R/H Due to rotor at horizontal stabilizer
| R/V Due to rotor at vertical stabilizers

W/H Due to wing at horizontal stabilizer

R/W Due to rotor at wing in body axes

' R/H Due to rotor at horizontal stabilizer, in body axes _,
•i_._ ,I

I R/V Due to rotor at vertical_ stabilizers, in body axet:
i

Symbol Description U]_ "_ .-.I
i l i

I -aO ' al , a2 Blade lift coefficients tad' _ ' 2

3{11-()9q-0(; l vi [I
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I BELL :.,-,t ,r.:,.,_t, ,! !.,'._ '. " , , , |

'i

" I_ I_ H[-LICOPTER _:_:JMP,_', • q,_ll,., I _ Ii,_. r,...Ir , !,. r , . ' "..._ . J
m

I Symbol Description Uni t:-_
'I

i aOL Steady flapping component, ]el't rotor" E';,d'i" aOR Steady flapping component, right rotor _'._d

alL F/A flapping, left rotor + backward tad

all F/A flapping rate, left rotor l_,_d/s_c

air F/A flapping, right rotor + backward r,',d

" I aiR F/A flapping rate, right rotor
r,'i(l/scc

E Blade tip loss factor ND

I BLcG Butt line of aircraft C.C. In.

BIL Forward cycllc input, left rotor r_(I

_' Forward cyclic input, right rotor rad

' blL Lateral flapping, left rotor, + outboard edge do_ tad

_ _ I ............blL Lateral flapping rate, !eft rotor rad/sec

_" blR Lateral flapping, right rotor, + outboard edge do_cn tad

•_',_ | b'iR Lateral flapping rate, right rotor tad/see

_ C_ Prand-tl-Glauert factor, page A-33

|! CRF Rotor thrust coefficient (see page A-18) ND

. I CTL Thrust coefficient, left rotor ND

'_ CTR Thrust coefficient, right rotor" ND1
_ DF Aero drag on fuselage Lb.

_:. I DH Aero drag on horizontal stabilizer Lb.

i
DiWPL Aero drag on portion of left wing-pylon immersed in Lb.

rotor wake

" I DiWPL Aero drag on portion of right wing-pylon immelsed in Lb.
rotor w_ke

I DMG Aero drag on main landing gea_ Lb. _"

DNG Aero drag on nose landing gear Lb.

I DVL Aero drag on left vertical fin Lb.
--_ DVR Aero drag on right vertical fin Lb.-

i DWp Aero drag on portion of wing-_ylon in freestream Lb.
E Distance from takeoff point in the direction grid- Nautical

East (+ East) Miles

I E Eastward velocity of aircraft Knots

ESAS, RSAS, SCAS actuator inputs to the Elevator, rudd(.r, and In.

I ASAS ai]eron, respectively

I 301-099-001 xiTi
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i
" I ,ELICOPTER (:()_I_A_ stJlill,,l It, Ill,. ft.%ll _ Ii,.fl .,r, I! i l_llt, ],,I, ,

,_ Symbo1 De.sc r i p t [ on I]n :i t _;

i FLN, FLT ' Stick and pedal forces from pilot (+ fwcl, + rl.gllL, l,b.,; FpD

'_ + right )

: ! Fx Flap position indicator

._ HL Aeno H-force on left rotor + backward (upward) LI).

I in mast axis system

HPRL HP required to drive left rotor HP

i HPRR HP required to drive right rotor lIP
HR __ Aero H for_e, on.right rotor + backward (upward) Lb.

• in mast axis system

I h Radar altitude of aircraft ft

. h Aircraft climb rate ft/sec

_ l Aircraft rolli_g inertia, body axes slug ft2-, Ixx

I. IXZ Aircraft product of inertia, body axes slug ft2

I Iyy Aircraft pitching inertia, body axes slug ft2

' Izz Aircraft yawing inertia, body axes slug ft2

' l Ke Elevator effectiveness factor, p. B-26

LF Aero lift on fuselage Lb.

l mH Aero lift on horizontal stabilizer Lb ....
LiWPL Aero lift on portion of left wing pylon immersed in Lb.

_ I rotor wake
,.:,; LiWPR Aero lift on portion of right wing-pylon immersed in Lb.

l rotor wake+ L Laading gear position indicator ND ,.
,, LG ,_

LWp Aero lift on portion of wing-pylon in freestream Lb. i! IA,MA,N A Total rolling, pitching and yawing moment on aircraft Lb. :!
about body X_ Y, Z axes

: "_ I IF,MF,N F Rolling, pitching and yawing moments on fuselage about Lb Ft
I- _: body X_ Y, Z axes

i IL,ML,N L Rolling, pitching and yawing moments about body X,Y,Z Lb Ft
axes, due to left rotor forces

i IR,}_,N R Rolling, pitching and yawing moments abou_ X,Y,Z axes, Lb Ftdue to right rotor forces

IWp,_p,Nwp Rolling, pitching and yawing moments due to wing-pylon, Lb Ft

I about bod, X,Y,Z axes
L

q 30l -0_!0-001 ix

•- • , , , - _ PI1
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I BELL ",%-q:; I
HELICOPTER C_.MP&,NY .,Ul,l,.! h, Ih,. i,,,,11,_ h,nt ut. !'.. Idh. i,,j,,,. I

I Synlbo] ])escr; pl I rm llni I :

17' Rolling, pJtch|ng ;ind ynWillg UIolIItII[5 (lli¢ tO wln_-l)ylon I,t I-I

": I in wind axes syst(.m

, I,xH,LyIt,LzH DisLance from the CG to swnshpl.:_t_ , go(IV.. X_ '/ _ Z "ix, :.: It

" I ...... _t Acre pitching moment due to horizont;_l .qtnl)]l.Lz¢ r in l,b It

body axes

I _'! Acre pitching moment due to horizontn] stabi],:'._ r in l,b ft
wind axes

Ii MN Mach number NI)
Maj L F/A flarping restraint moment exerte.d by left rotor Lb ft

_-' I on air/irame, mast axes system (nose up)
Mal R F/A flappfng restraint momenL cxert(:d by right rotor Lb ft

'. on airframe, _ast axes system (nose up)

_%._".ii!_, I iblL Lateral flapping restrain': moment exerted by left Lb ft
. rotor on airframe, mast axes system (hub outboard)

' _"_. I iblR Lateral flapping restraint moment exerted by right l,b ft

rotor on airframe, mast axes system (hub outboard)
I NN Distance from takeoff point in the direction grid- Naut.

_'i Norgh (+ North) Miles

' 1 Nx,Ny,N Z Linear acceleration components of aircraft cg in giI body axes system

,_ PAx,PAY,PAz Position of aircraft cg w r t- ground Naut.

1 Mil.¢:s
,' P Ambient pressure, absolute psia

a I_

' I p,q,r Aircraft roll, pitch and yaw rates in body axes rad/sec
- system

• 0

p,q,r Aircraft angular accelerations in body axes system rad/scc 2

I QL Left rotor aero torque, + trying to slow rotor do_cn, Lb ft ,

mast axes system

I QLPT Torque supplied by left power turbine l,b ft

" _" QR Right rotor aero torque, + trying to slow rotor l.h FL

i do_n, mast axes system

QRPT Torque suppli_'d by right power turbine I,b ft ..

I R Rotor radius ft
RPMNI l Power Turbine RPM set at 1007o (overspecd Governor RPbI -

i RPbli_ Proprotor RPM selected by the pilot P,PM

301-099 -00 i-_- F x
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I_lln_ 13l I-l-. ' " ' "' ' " 'I-ILL_ICOI_"I f_R ,, _ml ",_,_ 'i' I I' I ' I II ' I • ' ' I' . ' l

I
Syml)o] l)c sc r.i.l)t l.on lhl i ! :.

I Lc,ft rotor wake contr:ict:i.onr;,t:_o '.'d)I(5/i,J

... SLcG Station !(m:_ti.onof al.rcraFL (;O Tn.

I TL Left rotor acre. Lhrust, in rr,a.sL :,xls + up (lorw:,rd) l,b.

i TR Right rotor acre, thrust, in m:_sL :_xJ.s4- up (Forw:tr(1) I,b
• T Ambient temperature, absolute oK

a

I U,V_W Velocity of aircraft CG, w.r.t. :,:Jr,J.n 1)ody axes l"L/s{c

system, in X_Y_Z (_ireetions

I. UEB,VEB,WEB Velocity components of aircraft CG, w.r.t.
c11r, l:t/scc

along earth-based axes

_-m__L] UG,VG,W G Ground velocity components of aircraft CG l.'t/s_c

: l,'t/scc

i Uw_V W Wind velocity components w.r.t ground

_; UilB Induced X-velocity at horizontal stabilizer in I.'t/scc

_ [ IRIH_, body axes system, due to r_,tors

IB Induced X-velocity at vertical Fins, in l)ody :_xes Ft/scc
; l; ui

t R/V
_: system, due to rotor

_" _I UilIBR/wL Induced X-velocity at left wing, in body axes Ft/sec

: system, due to ro_or ¥,

Induced X-velocity at right wing, in body axes l.t/scc

uia/wa
system, due to rotor I

I VCA S Calibrated airspeed MPI{

i VT Total linear velocity of aircraft e.g.w..r./.. ,'_i.r l,'t/scc '

--",, WLcG Waterline of aircraft CO in.

I WiL Uniform component of induced velocity _,t l_Ft rotor, l:t/s(c

+ do_mward_ mast axes system

I WiR Uniform component of induced velocity at right _
Ft/_cc

I rotor, + .!ownward, mast axes system

',(_i-(}90-0()1 >:_

!
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I 1317:1_1-- I !.t ,f _q.,,I,...,r, ,I ;,urn , " ...: '(_ I_li:+lJCJc)t:.-,,.ri.-=f._ t.xjN41+A,l_lY ;.;.I,-,1 !. Ih,- I,'ltut:,r. : q, ', >:+

I
Symbol. Dcscr:i+p t i ot_ l_l_it:;

I WilBR/IT Induced Z-velocity :,thorlzont:_1 stal,il.:i.zc,',:Tn I,'t/:_cc
body axes s,,stem: , due to roturs

1 w'IBzR/V In'_.d Z-velocity nt vertical_f_in_,_os . ,,'l:/scc

]. system, due to _
W. B Induced Z-velocity at left wing, fn body axes system, l.'t/sec

l

. R/WL due to rotor

XAPYA,Z A Total forces on the aircraft in X,Y,Z directions, Lb.

_' I body axes system

Collective stick position, inches From Full down In._

I
" : {r : XF:YF,ZF Aero forces on the fuselage, in body axes system I,b.

l• _ ;' Position indicator for flap actuator NI)

" i XFL

i'i XH,Z H Aero force_ on horizontal stabilizer, in body axes I,b

11" system

wake, in body axes system

; I XiwPL,ZiwPL Aero forces on portion of right wing-pylon in rotor Lb

i wake, in body axes system

I XL_YL,Z L Left rotor forces in body axes system Lb.

i XLG Position indicator For lal,ding gear actuator NI)
XLN Longitudinal stick position, inches from full aft In.

" n XLT Lateral stick position, inches from lull left In. _.

-- _ Aero forces on main hmding gear, in body axes I,b.
XMG 'ZMG

I system

XNG_ZNG Aero forces on nose gear in body axes system Lb.

I XpD Position of pedal, inches From Full left In. --

I XR,YR,Z R Right rotor Forces in body axes system I,b.

:, T

I 301-0o0-001
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I BELL. Ll_v(,t dl_,clo'-..lr,ofd,ildc01lhl,, I),lql' I%

(_ HEUCOPTER co_l-_r_y _uhp',Ih, lh,! .'_ll,_t,,m...I,. I,tl,' r),Jq*'I

I Symbol l)esc _,i p t ion lhl i t .<,

i XvL_YvL,ZvL Aero forces on left fin, 'n body ;,xc.., system l,h.
,),

XvRJYvR_ZvR Aero forces on right fin, in body axes system '[,b.
'/

}'!-' ! XTHL,XTHR Angles of the power levers on the fuc:l controls 1)eg.

^wP,YwP_Zwp Aero forces on wing-pylon in fre(.strcam, in body Lb.

I axes system

X_M Position of mast tilt-actuator, perc(_t ND

I O_F Fuselage angle of" attack rad

•" _F Rate of change of fuselage angle of :_ttack rad/sccI
"_F WR Angle of attack at portion of right wie.g immersed fad

_ i I in rotor wake

,'. _ _' Angle of attack at portion of l.eft wing :[.i:mnet'sed fadFWR

in rotor wake

_H Angle of attack at horizontal stabilizer fad

_i _W Angle of attack on portion of wing outside rot,_, wake red

#,' _F Fuselage sidesbip angle r:_d

i l _M Mast-conversion angle_ + forward, measured from degi" 0o

_; body (-Z) axis, is vertical, 90 ° is zero incidence

;" I _V Angle of attack at vertical fins (leg

6 3 Pitch flap coupling dog

I Aileron mean deflection angle, + r_ght :_[leron up deg ,_ - .

6 Elevator deflection angle, + up deg t

| °6 Ruddpr deflection angle, + right pech_l cl_.gr

CW/H Wing wake deflection at horizonLal stabilizec c.lc,g

_oL Left rotor root collectiv(: pitch d(g

I eoL/G Left rotor collective pitch input from pro;Jrotor d(g -

i collcctiw g,:'arnor

l
_01 -0_9-001 xT i i

I
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JIJ 1._ BELL I,, ',1 IIl,,ll,,.,lllV ,,I .11,1,' I1.;, il,l.,_ '

HELICOPTER _:(_.'_I"A_Y ,H iI'll b, II'. i_.,,Ii it 1_,i i t!, hi, iJ.I,.,

I
Symbol Description llni t:_

i. I @oR Right rotor root collective pitch dog

_' w OoR/G_ Right rotor collective pitch input from l)roprotor dog

I
collective governor

' I XoL l.nflow ratio at left rotor, neglecting rotor-induced NI)

' velocity

T' }'oR
InfLow ratio at right rotor, neg]ccting rotor-induced ND

ve 1oci ty

r. _L Tip speed ratio, left rotor ND

_i. _R Tip speed ratio, right rotor ND
-_, "! --" p Air density Slug/Ft3

t<I[- ' _,_,¢ Euler angles rad

} •

_,.. _)_,$ Rate of change of Euler angles rad/sec

[ Yw,ew Grid heading (+ clockwise from N) and guler pitch tad

angle of wind

I I _EL Left engine speed rad/sec

_" _ Right engine speed rad/sec

" I ERf_ Interconnect shaft speed rad/scc
INT

" I _L Left rotor speed w.r.t, aircraft rad/sec :L

_LPT Left power turbine speed, same as _EL tad/see '

I _R Right rotor speed w.r.t, aircraft ;
Fad/see

flRPT Right power turbine _peed, same as fir:if rad/s_c i

-"_ Cm Lateral mast tilt dog

I V Distance from CO to gear In
11

I Elevator _ffectiveness, bCYH/_6 ND
T e O

L_... •

_r Rudder effecti.veness, _V/_ ;.r ND

301=099=001 x iv
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Ii _E_L_,.. IIM!o( rll'_(h),,llrJ.I (hll,I I;11thin Ihtq. I'_

[
I. SUMMARY

This report describes a mathematical model for rc.nl-t, im¢ ,lLgllL simulntTon
off the Bell Model 301 Till Rotor Resc.,rch AJrcralt 1.. The mathem,ut.icnl I,_od¢l_

was developed under Contract NAS 2.6599 for mechanizntion of the NASA AmesFlight Simulator for Advanced Aircraft (TSAA) 2. The ubiectlw, of thi._ l)rO-

gram was to obtain a validated mathc..maticalmodel of the Lilt );otor rc.sc.,,ch

air_._raftto support the aircraft design, pilot training, nml pr, of-of-c,,,_ccpt

Ii flight testing.

The devel_pment of the mathe_natical model involved the ;oI l,wlng specifJc

':. I" tasks :

. (i) Derivation of equa.tions representing the kinematic, dynamic, and

', aerodynamic characteristics of the Model 301's rotor, airframe,

*_ _: flight control system and subsystem. The mathematical model is
|a

described J.nSection II and the equations are presented in Appendix
U '

_II A. Model 301 parameters required as inputs to the eqm_tions are

" " given in Appendix B.

(2) Checkout and validation of the mathematical model. A non-realt_me

t I" digital computer progran was developed at B( I1 for this purpose.

'_ _ Comparison of performance and stability and conl rol characteristics
-. predicted using the subject mathematical modc l v.,itl,experimental

_-i'...ii_ data and with predictions using other computer l)ro_r.,'nsis prese:,tcd

_ t' in Section Ill.

= " (3) Support of the Tilt Rotor Research Aircraft Project simulation

_! r effort at NASA Ames. This involved providing technical assistance

[
), during ,checkout and validation of the FSAA/Sigma 8 mechnnization

of the mathematical model, Program BELTR (Program BEI.TR was

developed by Computer Science Corporation under a ._nparate contractand was used for the real time simulation) and evaluation of the =
simulation by Bell Helicopter Company experimental test pilots.

' The results of the evaluation are given in Section IV and recom-

[ imendations for further development of the mathc,.atical model and
the simulation are given in Section V,

I The structure of the r.athematical model is indicate . ,,) the block diagram :..shown in Figure I-i. The mathematical model diFfecs From that for a con- _ _
ventional fixed-wing aircraft principally in the added r_quirements to repre- !

i sent the dynamics and aerodynamics of the rotors, the intcractJ.on of th_ ;
rotor wake with the airframe, and the rotor control and drive systems

,_. (Subsystems i, 2, 8(a) and 19 in Figure I-i). The portion oi the block
diagram enclosed by a dashed line is common to all simulation mathematic_,l

models; in the BELTR Program the equations given in this report wer_ r:-placed by CSC program BASIC 3 which contains ess_nti;,11v Ld_ntical equation_

and is used _or all FSkA simulations. The 1 mdln_ _¢_ar oleo forces were a]_:

I generated using khc BASIC prog,,',m.
o
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I
The rigorousness of the mathematical model of the tilt-rotor r(sc:ir(;hair-

I craft was constrained by two factors. One was the requ:Lrement to ]<c_(I)[]i(fast loop computational _ime (this was a.two loop simulation) to ]c_ss than
50 milliseconds in order to maintain real time simulation. To achJ(vc, thLs

it was necessary to limit the rotor r_presentation to steady, linc:,r].zcd,

: with uniform inflow and to the rotor t:im(..
aerodynamics approximate following

Rotor stall and compressibility effects are only used to defin(, a lirniL tol-
the maximum rotor thrust coefficient as a function of advance r_tio.. _This

1 rotor math. model is satisfactory for most handling qualities studies, butmay be inadequate to evaluate flight conditions or maneuvers where staI],

compres___sibi]i_-yor rotor dynamics are significant.

The second factor constraining the rigorousness of the mathematical model was
the lack of sufficient experimental data on the rotor wake-airlrame aero-

dynamic interactions such ag the rotor_' downwash (or upwash) at the hori-

_ ii zontal tail. The model of the rotor wake-airframe interaction is present'ly

based on a limited, amount of data from the tests of a powered model of a

tilt-rotor aircraft similar to the Model 3014 . Tests of a powered model

of the Model 301 to obtain detailed information on the rotor wake-airframeaerodynamic interaction have been completed and will be used to refine the

_' model of this important characteristic of the tilt rotor VTOL.

L

_ [

I
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I
II. DESCRIPTION OF THI!:MATHI'_bLATICALMODI.:I,

l This section describes the mathematical models of the components of the ti]t

rotor aircraft; the rotors, the a:irframe_ the control system, the engin(_s olld

drive system, and the automatic flight control systems (Subsystems i, 2, 3,4, 5, 6, 7, 8, 9, 17, 18, 19 and 20 in Figure I-l). The math model used

for the equations of motion (Subsystems i0 through 16) follows that of [{efer-

ence 5. The coordinate systems, sign conventions and equations of motion

I are also described.

A. _Coordinate Systems and Sign Conventions

I Earth., body, wind and mash axes systems are used in the mathematical
model. The. rotor flapping, forces and moments are calculated in a

.... i "wind-mast" axis system while the airframe aerodynamic forces andmoments are calculated in a wLnd axis system. Forces and moments

' from the rotor and afrframe are resolved into the body axis system for

solutd_on of the aircraft equations of motion. The flight path of the

Ii aircraft is described with reference to earth fixed axes with the
_- aircraft orientation given by the Euler angles, Y, e, and _, in that

, order of r_oLation.

The mast axis system and sign convention used for the rotor are show1_ in• Figure II-l. The rotor flapping,_forces and moments are calculated in

_ the "wind-mast" axis system (al, bl, T, H, and _) and are then trans-

formed into the mast axis system (al, b I T1 H and Y).

':__, B. Rotor Math Model <Subsystem i)

I
i. Rotor Forces and Moments

" I The mathematical model of the rotor is similar to that given in
i References 6 and 7 except that it is derived in a mast axis system

(the theory in Reference 6 is based on an axis system perpendicular

i to the axis of no flapping i.e. the tip-path-plane, and that ofReference 7 is based on the axis of no feathering) and contains pro-
:. visions for proprotor characteristics such as non-linear twist,

flapping restraint and pitch-flap couplir_..

The major assumptions that are made in the rotor math model are: ,

_ (i) Average values For the lift curve slope all(] profile drag .,;coefficient are used over the span of the blade. These are

-_ .,b adjusted to approximate the rotor Lhrust and power required

i characteristics.
(2) The blade angle of attack _ is approximated by Sin¢_ . Subsi-

tution of sin_ tar _ in t_e blade element equation r makes it

_ r
possible tc de_elop equations for rotor Forces withouL restric-

ting blade pitch, _, and inflow angle, $, to small angles.

I
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I
: (3) Blade stall and compressibility c:lfc, cLs arc approximated by

_: limiting the maximum rotor thrust cor. Nl':ic[ent ;,s ;t ;'unct:l.on of ad-

I vance ratio :rod by arbitrari, ly modifying coeificients Jn t.hc roLor
power required equation (rotor profile drag [.s [ncrc.ascd a,_ a

'i, function of the cubes of the rotor :i.nfl.ow and advance ratios

multip_Lied by empiric.ally adjusted" coe"_icients).

(4) Blade flapping with respect to the mast is assumed smal. 1 so that

l the smaLl-angle assumption can be made. And harmonics of flop..ping greater than one-per-rev are ignored.

(5) The blade flapping due to cyclic inputs is assumed to occurII"

| instantaneously, i'.e. the flapping equations assume the rotori
! _' is in an equilibrium condition_ .This assumptior was made be-

cause of limits imposed by the computer computation time. Differ-

" I' ential equations for blade flapping that would properly account
L for the rotor following time were determined to require a solu-

_. tion time in excess of that allowable for real time simulation.

Furthermore there is a transport lag between the time a control

I input is made at the cab and the time ai.rcra_t response is up-
dated at the cab, of from one to two frame times (0,050 to 0.i0

" I- seconds). By neglecting the rotor following time in the equation
of motion, it is approximated by the cab-control input to computer

i._ L time lag (for example, in hover the rotor ,?ollowing time is-0.08
_ seconds compared to an average computation lag time of 0.075

: I seconds).
m,,

2. Rotor Inoceed Velocity

r L The rotor induced velocity is computed hy calculating the induced
•:.: velocity of an isolated, out of ground eff_-ct rotor and modifying

_ the induced velocity to account fo_ the side-by-side rotor effect

_ i. and for operation in ground effect.lib

•- The mean value of the isolated, out-of-ground effect rotor induced

_" R velocity is approximated using a modified expression from Reference 8.
I t

", vi -- >c ,

I CT/2B2 ;where C =

-- .,_r. (the 0.860 factor on k2 has been added to ir,:provepower correlation

I in hover )

I

I
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HELICOPTER-coMPANY j _.l,j(.,l t() the I.',tf_(tmi_ .n thl' hth' p.,p'

I
T}]c s.[de-by-sidc' rotor effect, on the rotor i.nduced vc. loci{:y l:-;

5' I' approximated usin_ an expre.ssior, dert.ved in Rc:fc:rencc 9,
|

{ 1 Avi = xSS 2B21_

The factor XSS is call.ed the mutual induction coefficient and is ob-
taine& from Figure 3.7 of Reference 9. 'lJheterm Av i is added to the

induced velocity for the isolated rotor.

' In the determination of Xss , the increased mass flow of the side-by-- side configuration is taken into account and the rotor wakes are
assumed to remain separate if the distance between the rotor centers

•- Im is greater than the rotor diameter. TI_e value of XSS depends on the

'" L direction of rotation, the distance between the rotors, the advance
ratio and the rotor angle-of attack, The value of XSS given-in
Reference 9 is valid for D-greater than C.15. In this analysis the

_ _ value of XSS for b* less than 0.15 has been approximated by providing
- _ a smooth transition between a value cf XSS equal to zero at _ = .06

and the value at _ = 0.15.

The reduction in induced velocity caused by ground proximity is

I computed using the expression

[ III:': V/U2 + V 2
{ _. = v. 1 + (C_l) 30 - 1

_IGE zOGE

}: where G = 0,76 + 0.24 h/D for h <-D
:j

'; I[ and G = 1.0 if h >D

_" The constants 0.76 and 0.24 in the expression for G were derived from
model test data. The factor-_U2 + V2/30 washes out the effect of _

ground proximity with forward speed; at 30 feet per second and greater
.. the effect is completely washed out.

!

'|-- The major assumption made with regard to induced velocity is that it #

I. is uniform over the rotor disc. The main effect of this assumption

_ is that lateral flapping is underpredicted in the low speed helicopter

I regime (P = 0.05 to 0.2). However, lateral flapping has only a second ._': order effect on stability and control characteristics in the helicopter

-" _ mode so this is not a serious limitation. Presently the tandeta rotor

l effect is neglected when in sideward flight. '['hiseffect was not in-cluded in the initial development of the mathematical model since other

factors significant to sideward flight simulation are only approximated.

i C. Airframe Aerodynamics 4; 5 and 6)
(Sub.sys t.em Nos. 3_

The fuselage9 wing-pylon assembly, Imrizontal tail and wrtical f]n._ ar_

i mod_led s,_parately to fa¢ilir_tr accounting f_r th_ i;Iflu_n_ of the rotor

I _O1-099-001 I l -
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I
wak(_ on tJl(+ ai.+'framEz ae.rodyllalllics. [II _zner_] t.hc, ,9.J.rfrall1(: ac.rodyl1,_1111Jc. _-;

'_ 1 are extracted from wind tunnel test daLa; where w:ind L.ulmel data wax not
.|. available characteristi.cs were estimntecl us.[l_ Rc,ferc,.nces I(), 11, and 12.F

¢

, 1.....Fuselage (Sub.system No. 3)

Equati.ons for the fuselage lift, drag, side force, pitching mom_:nt,
yawing moment and rolling moment are referenced Lo the wind axis

IiI system and defined at the fuselage aerodynamics center. The coeffi-cients in the equations for angles of attack and sideslip less than

or equal to 20 degrees are based on wind turmel data. For angle_ of

attack great_an 20 degrees the coefficients have been approximated.
Aircraft angular rates and the rotors wakes are neglected in cal-

culating the fuselage aerodynamic forces and moments.

2 Wing-Pylon Assembly (Subsystem No 4)

'_ ._ I_ The wing-pylon aerodynamic forces and moments are defined in the

_ local wind axis system. Wing-body interference effects are includedin the aerodynamic data.

_' _ Calculation of the wing aerodynamic forces and moments is made in two
.... parts; (i) lift and drag generated by the rotors wakes, and (2) the

[ _: forces and moments generated by the free stream flow. The math model.

i : I of item (I) is discussed in Section II.3. Item (2) is discussed in

il _ the paragraph below.

_ The wing-pylon lift and drag generated by the freestream flow are

_ functions of angle of attack, conversion angle, flap setting and Maeh
'+' number. The pitching moment is a function of flap setting. Wing-

pylon lift and drag coefficients are provided for mast angles of"_ O degrees and 90 degrees, and for four flap settings as shown in

_ Figures 11-3 and 11-4. Coefficients for intermediate mast angles and

., flap settings are obtained by interpolation. Mach number corrections _

| are made only for the flaps-up airplane mode condition as shown in

: _: Figures 11-5 and ll-b. The aerodynamic coefficients for angles of
attack up to stall are based on wind tunnel data; at angles of attack !

i above stall the coefficients shown in Figures II-7 and 11-8 are approxi- ;mated based on the test data shown in Reference ii.

The angle of attack of the wing is modified to reflect the induction

i effect of the thrusting rotors. The expression for the wing angle oF
_. _ attack is,

i 2CRF
_W _F " 0.26 xR- * * 57.3

= z.w....y_x2(_,o.15)

, l
Where XR/W, the induction coe'ficient is a unction o;" the di. st,'.m_ _

between the rotor and the wing9 and CRF is the non d]mc nsionaliz_:d
_ n rotor "orce coe._ficicnt.

i 301-O99-001 II-4
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HELICOPTER c;c}MI.ANY i ',.hl,{ll-lhr r<dr. h v. i,11,,-hih-,,,I,,..I

Th(:: latcra]-dil:(cl_iollnl acrod)rll;|llllc fore(:: al_d _:.,m(.i]i:< ar_ _al_ul,'_t(d

i using equations for sLabil i. ty (lc_rivatl.v¢.s l-rol!_ I_ f(rcm, t I0. C()m-pressibllity effects and the wine Ioadin._ are i.ncluded in th( lal(ral-
direcLional characLeristics. 'rh(_(lih(.dral(.I-f¢¢.I(,f ill(wi ).-l)yl(m

: is based on w.ind tunnul LesL data and .i.'_ a functi(,ii (_f an_.l( ()I atlacl.¢

t and flap seLLing, 'l?h¢ a[1.eron c. ffectivvn¢ss is also 1)as_(l (m w',ndtunnel dat-a and is a function of angle of attack, ma:.t angle and

flaperon def lec tion.

I 3. Horizontal Tail (Subsy_stem No. 5)

The dynamic pressure, and angle of attack at thL horE-zontal stal)il.izvr
! as sho_cn ]n Figure ll-9(a) takes into account wing-body bl.ockage, mast

angle, the wing-pylon wake, the rotor wake and the aFrcraft attitude.

. and angular velocity. The lift and drag .-oe[ficicnts show11 in

Figures II-I0 and ll-ll of the stabilizer are determined from wind-

tunnel test data for angles of attack up to-s-_ll. Abov_ stall th_
'; coefficients are approximated using data from Reference Ii.

The downwash at the horizontal stabilizer due to the wing-pylon sho_¢n
i:

in Figure II-12 is determined from wind tunnel data for anglc_s of

using data for a high wing-low tail configuration giv_n in i_efcrcnce
12.

,. The downwash at the horizontal stabilizer due to the rotor wake is
<: discussed in Section 11.3.

%,

_' 4. Vet tical FiL_ < Sub_ys tem No. () >
i.

! The forces and moments on th_ left and right fins arc computed sepa-
:,. |_ ratel)z to account for the variation in rotor wake effects with ,side-

l" slip. The dynamic pressure and angle of attack at the fins as show_

in Figure ll-9(b) take into account the wing-body blockage, mast angle,

_. wing-pylon wake, rotor wake and fuselage attitud_ and angular rat_:s.

L The lift and drag coefficients of the fins slmwn in Figures 11-13 IIand 11-14 are determined from wind tunnel data for angles of attack

up to stall. Above stall _he coefficients arc approximated using

I data from Reference 11. ;,-,I
The sidewash at the fins is a function of flap sctting_ mast angle,

i fuselage angle o_ attack and sideslip angle.
D. Rotor Wake - Airframe Aerod}mamic Interaction (Subsystem No. 2 ond parts

of 41 5 and 6)
The rotor wake-airframe aerodynamic interferunc¢_ rcprv_vntatlon cun.-i_t._

of three parts: ....

I i) The _ffect of the rotor wakes on the wing lift and draK. -.,-.-.

I 2? Th. effect of the rotor wak¢s on the hurizontal _tal)iliztr audv_.rtical fins lift and drag,

I g()]-i9(1-()(_l II-3
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HELICOPTER c:ompA_y ',,bl.._l b, u.. rr,Jr,h.l_ ,,i, tl. htu. p,_q..

l
(3) The net rol. l:Lng inor[lc,nt :i.nduec.:d 1)y tim rol.or wal.:c.-airfram_-;.,r_lllld

il_terac L:i.or_ wh(,1-1hov(.r" ln_, n(.ar' th(: _:,r()llll(I .

;" 1. Rotor Wake Effect on the Win£

I As noted in Section I.I.C.2.Z th(, calculati(m of t.ll¢, witty; ;,ur(_dynalnicforces and moments dut' to rotor wake effects is Iliad(. separat_ ly from
the forces and moments generated by the freustre.am [!ow. The calculn-

I Lion of the rotor wake effect involw:s calcul.atLng the. ar_:a and an_leof attack and dynamic pressure of the portion of the wing iIial,ers_:d i.n
the wake; Figure 11-15 i].lustrates the representation of this eff(:ct.

I The area of the wing immersed in the rotor wake, SiW (shown in I.'Jgure;. i II-15) is computed as a function of wake radius, conversion angl.(:,

wake angle of attack and sideslip angle of the fuselage. The expres-

"_" I sion used to compute wake radius of a hovering rotor as a function of

,. I vertical distance from the rotor disc is derived in Reference 13.
I: . Experimental data-also shows that the contracted wake remains stable

as it reaches the wing and horizontal stabilizer surfaces. The_...'_ equation for the wake radius (Equation 3 of Reference 13) has been
_' simplified since the wing and stabilizer surfaces are located at

il
_' approximately .4R below the rotor disc.

,:: -- RW ={0.78 + 0.22 Exp [-(0.3 + 2 ZvfCR[, + 60 CRI.)]} * R

_ The rotor induced velocity_,at the wing varies with speed and mast tilt

_, and is giwn by the following expression:

_ I R/W K4k2
!.,. Wi = (KO + El _ + K2 _2 + K3 k + ) Wil,

_' I where the constants Ki are determined from powered rotor Lest data.
_ Wing loads at high negative incidences caused by the rotor wake at low

speeds are determined using lift and drag coefficient data tables that

I are defined up Lo angles of attack of. *_90 degrees.

Asymmetric flight at low speeds, which causes unequal portion of the

I left and right wing Lo be affected by the left and right rotor wakesand generates roll and yaw moments_ is taken into account.

I 2. Rotor Wake Effect at Horizontal Stabilizer and Vertical. Fins ,

-- -- I The rotor induced velocity at the horizontal stabilizer and w_rtical

fins is based on data from wind tunnel tests of a powered mod_:l. Th(.

I velocity induced at the tail. by the rotors was derived by analysi_ ofaircraft pitching moment data with the tail on and off, and with and

without the rotors. Figure II-16 shows the induced w_.iocity at th_ -.
tail (normal to the horizontal stabilizer chordline) as a function of

I airspeed and mast angle.

! I ....

I [-6
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HELICOPTER _mn,_v _.l)l.tt I. th,. fe_tl.t.m ,m the.hlh' I,dqe I

The FollowIng Cxpl:ess[(m is tlse(I Io ;Ipproxitll;It( I]1_ 'v'_ Iocily vavi:t-

I t: :1.011 sll¢)WII ill F:l.gur(, I T- 16.

IJ-16a.xq + h4_,M/2

"'[. Wi/R/H = ho + hl_M + (h2 + h3_H) 16,a._q * Wil,

7 The coefficients h 0 through 11. we:re d(Lerm/ned 1)5, curv( Iit of th(

; test data, WiL is the induec._ vel.oc:ity aU thc l(.rt rotor,

.. The induced velocity at the empennage is presently based on the

i value for trimmed level flight, and :is [nvarient with angle of
"" attack and sideslip. Data from Lests of a powered aeroc,lastie

model indicates a significant variation in induced w:locity with

i angle of attack and/or sideslip• This new data will be used to
;. refine the present representation of th¢ rotor wake oFf'vet on th(

j empennage.
J

i "_' I 3. Rolling Moment Induced by Rotor Wake-Airfc:une-Groupd Intc,racLion

_.i"_ ,:. When hovering in ground effect (h/D < 1.5) an un._tabJe roll rtlont(ntis
'; | generated by aerodynamic interaction between the rotor wake, the

: ; I- wing and the ground. Figure II-17 shows the rolling moment as a
•: function of h/D measured with i/Sth scal_ power(:d model of the Mo(l(.l

_' 301.. This effect is represented in the math model by a polynomialequation for the rolling moment, curve fitted to the test data, and

applied at the aircraft center of gravity.

E. Flight Controls (Subsystem No. 8)

The flight controls representation consists of a controls mixing too(Itl,

_ and a force gradient model.

The Model 301 flight control system is illustrated schematically in Figur(

11-18. The math model of the system represents the mixing of the pilot _and automatic flight control inputs, wash out of the rotor controls as ,'_

function of mast angle and airspeed and converslon_ landing gc.ar, and

flap controls. Wash out schedules are illustrated in Figure If-19 an:laye

. given in tabular form in the math model. The math model dots not :i.nclud_
friction or free play. The time constants of the control actuator_ ar_

assumed zero, since in practice they are less than the computer ¢camc

time.

;*" _ The pedal and cyclic stick longitudinal and lateral gradients ar_: speci-

i fled as a function oF ai:speed. The location of th_ gra(Itcnt (Itt_nt(zero force position) may be moved by the pilot to trim out steady stick
forces.

I F, Drive System and Engines (Subsystems 18 and 19)

The drive systct;_ is represented by the zero Fr(qu(ncy :_yt_tKtcic t:,od(,(.g.

I tht rotors sp(_d up or slow dox,m in rtspcnst to thc unbg,lanc( bt tw((_

i 3(]1 -Oqn-Onl T I -"
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H I-ELI(_OPTER rJ_I_'ANY 1%lJ111_'_l I. tl}(. I I'$II. h',ll .,, IIii. hlh. lJ,iq_.

I

nerodylla;ni.(, torque, and _,ng:Ine tot:ClUe,. 'l'hc_ ['r(.ClLl(.n( i_.._ _)I- lh_, fl_..'.:il_l_

modes of t.be drive system (3.67 c'.l,s and l l.._ c'iJ._ For the. rirr_l nlll i:,yl]l-llletl, ic alId secorld symilwlric Illod('s 1:(:spc:ctivc, ly) ar_ Ioo lli_,,ll Io :.i_'lllfi-
cantly :Influence the, simulation.-.

The engine and power turbJne (N.I.]) ;,,ovcrnor i_lod(,ls ar_ c('ml)oS_.d of _qu,'_-
| Lions to c,tlculatc'engine horsepower during transient an,l st_.ady _tat.(

operation. -The equations ar_c based on the operat.iJ_gchcractc.r[stics of

i_ the combined-engine-fuel control system.. This approach was taken rather, than one involving time const._nts_ inertias _nd d¢,rJvation of _,ngin¢_ com-

ponents co minimize the computational requirements.

1
i The engine equations are derived in terms of the optimum l)ower turbine

speed and the horsepower developed at that speed. For a given throttle-

setting (or fuel flow rate) the engine will develop the.maximum horsepower

if the turbine is operating at the optimum speed. The cotmmnded optimum
;- power, referred to sea level, standard, static conditions is given by

_K 8 XTH 2 + K9 XTH + KI0 (for T&

I' _ _.i' HPRoc = K12 + KI.3(XTII'K14 K8

: I + K9 XTH +'KI0 (for T _ K 7)

i. I.

:_ ' where K8 through KI4 are-constants derived to fit the engine power versus

: throttle (XTH) setting characteristics given in the engine installation

1:!_ manua 114.

'! The referenced optimum power HPRo at any time c, after a power lever

I'" change is given bv the equation

t

= fdHPRoP
HPRo (HPRo) 0 + .I _[ dt '

i " t i

_here IIPRo0 is the power before the change in the power lever position and

" dHPRoP is the engine power acceleration schedule and is given asI :dt _

dHPRoP _ sign (HPRo C - HPRo) , MIN i, f
dt pet

I
where f (HPRo, h) is the engine power accel_ratton schedule., dt,r_wd to

I correlate with measured engine acceleration characteristics.
II
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+ _lq"_. BEt J-. K,,r +_i +]l,.i L:,'_ir. ,,I iLdd ,,n tru, im,+t- ,, [

Hf_-_L|C'_OP'_I"_"_-_ (](_MI'ANY-.. %U!:l*'+l b. tl., rt.'drli h,,ll ,1, It,. + idle. [mq+" /

The acLual hors_.power lip i.,_ tllcll c-oltlput.cd by c(;rl-¢cti+1;,+ t.]ic :-_.f( l'l'(.r[ ol)l l-
lllkIlll horsepower, IIPRo , for nonstand;trd conditions u:_ing th( fol]_)Willg

i eqtla t.l ol'i

where Kl_ K2, and K3 arc_ .constants used to curve fit the power Lo the
engine characteristics given in the installation manual, _R is the.actual

power turbine speed and _RO is the referred optimum power turbine sp¢:ed,
and 6 and 0 are terms used to correct for nonstandard pressure, and

! temperature, respectively.
I

The-equations used-for the power turbine governon (NIlI) are similar to

• i" those for the engine except that the optimum power is r_.ferred to the Nil
i. speed commanded by the pilot rather than the throttle setting. It should

be noted that in the Model 301 the Nil governing speed is set at that

corresponding to the rotor limit spc_:d so that the NIl gow_rnor is only

I.. used to help prevent overspeeding.

% G. Automatic Flight Control System (Subsystem No. 17 and 20)

L The Model 30!'s"rotor rpm governor and Stability and Control Augmentation

.' System (SCAS) are repres_entcd in the math model.

!.+ . i. Rotor RPM Governor (Subsystem No. 1.7)

The rotor RPM governor representation consists of a single channelmodel of the feedback network. In the Model 301 the rotor blade collec-

tive pitch is changed so as to maintain constant rpm; the blade pitch

• is proportional to the integral of the error in rpm (c.g. the diffur-

between the actual and the pilot selected rpm) so :haL stuady
ence ally

error is completely washed out. The gain of the integral fctMbaek is,

+_ _w so the governor will not destabilize structural modes. _+_

A position gain is used in parallel with the integral gain to provide +;
damping to the rotor rotational mode under conditions of low inflow,

I such as in low power descents in helicopter :node. Th_ position gainis phased out as the pylons are converted to airplane: mode to _revent i

destabilizing structural modes.

i Control of the RPM consists of thutnb operate.d, thr+.c posi- _"
-.-_ :ion switch spring governOrloaded.to.center,iocateda on the power l(ver h_ad.

Pushing the switch forward, increases the refcrenc(_ rpm by 20 rpm for

I _ach second the switch is depressed; pulling aft decreases the r_,f_r-ence rpm by 20 rpm per second. A pointer on tI1_rotor tachometer

indicates the selected rpm. This system was raode_ed in the:FSAA cab.

I At present, this modeling does not incl.udc c:lp:_bi, ll. ty to cvalu;ltcl'ailurc modes.

!
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!
2. SeAS (.Subsyste-m No. 20)

I The SCAS math ntod_.l c.ons:lsts of n s.tngl.r ch-mncl rcpr_.s_nt,'ltlcm o1
the electronic network; SCAS actuator char,',ct_ristics arc not

modeled, however, total system authoriti(.s arc: used.. A typlc;,1

I channel is shmcn in Figuro II-20. gach channel has thre_ functionalcircuits ; rate feedback to augment the aircraft damping, _utti rude
feedback for attitude retention, and pilot input i'ced forward to

l improve the apparent response to pilot control inputs.. The pitchchannel has, in addftion, an airspeed feedback loop (this loop was

implemented but not used).

Ii The main feature of the SCAS math model or
is representation the

systems gains. All gains are functions of both oirspeed and pylon

angle. This feature was incorporated to facilitate optimizing the

• I SeAS during the design phase.

The attitudes and airspeed hold circuits are switched off or on by

_ _-- 'i the position of the pedals and cyclic stick. I_rhenthe longitudinal
cyclic stick is trimmed (e.g., in the force detent) the pitch channel

holds are switched on; when untrimmed the pitch channel holds are

_) switched off. When the lateral cyclic stick and the pedals are

• _ _ trimmed the roll and yaw attitudes holds are switci_cd on; when
_t

either the pedal or the lateral cyclic is out of trim the roll and

yaw holds are switched off.

I H. Equations of Motion and Coordinate Transformations (Subsystem 9, i0: ii, 12)

I The equations of motion used to solve for the six degrees of freedomflight path are identical to the ones given in Reference 5. Change in

aircraft e.g. location and inertia due to pylon tilt are computed. Equa-

tions derived to compute pilot station acceleration take into account the

I e.g. acceleration due to pylon tilt rate and the e.g. offset location.However, the effects of mast tilt acceleration and rate on the body

•" _ pitch acceleration and rate are assumed to be small and therefore neglected.

-_i- _ The pylon degrees of freedom are neglected as the Model 301 wing-pylon _

...._: natural frequencies are well above the frequency capability of the

4 simulation software and hardware, i

I Transformation of forces and moments from wind to body axes
and from

mast to body axes is required for a number of subsystems. These trans-

formations are given in Subsystem i0. The transformation for the

I rotor equations arc given in Subsystem No. I. Rotor forces and 'amoments are computed in _he wind axis and referenced to the mast. !
- _ This is noted throughout this report as the "wind-mast" axis system

I as described in Figure II-i. The forces and moments computed inthis axis system are then transformed to the mast axi_ system.
Transformation of rotor forces and moments to the body axis system

are given in Section 10b.

I

!
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I BELL !,',.,,r,li'.l,,',,n,.I!.:!.,t.tl,,,,imh,",'.]

. . (_ ,_qlIMR / _ MAST RIGIIT ROTOR SI.IOWN

r R SIGN CONVENTIONS ON I{ICIIT", IfMR
" / _ AND LEFT SIDE ARE COMPLI.TPI.;LY

. _ ;llR _--TPP SYMMETRICAL ABOUT AIRCRAFT

I-- , b. _ 5-.--" PI,ANI_-OF-SYMMETRY

,'- ,.

_ J ,,- _ . IHM] HMR _'_ _I'- TPP

,_X"'<- -<r "
" PHMR _,

IblR HMR _"

,, A. MAST AXIS SYSTEM.

!:: [ _ f_, (1) U, V, WHM R ARE TRANS-
I" __ qWMR_ R FORMED FROM BODY (FUSE-

MAST LAGE) AXIS SYSTEM -

I "" WIND-MAST ,
/ I

f-ff I.- (2) FLAPPING AND PERFORM-

I ---- ANCE CALCULATIONS ARE+ TPP MADE IN WIND-MAST .
a

-- SYSTEM OBTAINED BY

I _ RESOLVING UHMR ANDWHMR TPP
.. ... VHM R INTO A SINGLE WIND

PWMR B" VECTOR AS SHOWN IN (B) "

i B MASTI._ BELOW _"__WMR = tan i VHM R WIND -MAST

WHMR

I SWASHPLATE (3) T, i_,_, q AND _i ARE '

CALCULATED IN WIND-MAST
AXIS SYSTEM - THEN

i VT U TRANSFORMED TO blAST
AXIS SYSTEM TO OBTAIN

i W T, H_ Y, aI AND bI.
B. "WIND-VLAST" AXIS SYS'i.'EM. "_"- "'

I Figure II-i. Rotor Axes Systems and SignConvent ions
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I

I Figure 11-2. Side-By-Side Rotor Effect on Induced Velocity
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I Jl_, BEL-L- _,, ..... i ....... !,, i' :..... ]', III_HEL.ICOPTER _.:c}_f,,_'f J ,.!, , It, ,,.t :1 _ , ,,, ''..;.,

NOTE: Angles sho*._l arc. l}osiLiv{ . v:,l.{.:_ in m;,th(ill;iti{';,l

i morlel sigl_ collV{..nt ion.
i

I
WiR/H I_M

Wing Fuselage (U7 + _H) Horizontal Stabilizer
Vector Diagram Vector Diagram

._, | a,

_ _. _

I +z_t'.: V 5 ¢

i," 1 i Vr -_ Vp

I I
:

| ,>

.--_,il , _2

i b. rertical Stabilizer
rector Diagram .-

i Figure 11-9. Sign Conventions and Notation for ,{orLzontal "--"
Stebilizer and Vertical Fin Aerodynamics
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I
l.ll] . VAL1DATI.ON OF '1'1t1:1MATHEMATICAl, MODEL

":_ I The accuracy of the mathematical model has been :i.nw.:_tigated with r_,;4ard to

._ rotor performance and fol:_:e characteri.stics, a.irfral[lt, a(.rodyll;lli;i.c.s, rotor
m wake - airframe aerJodynamic interaction, static and. dynamic stabl l.ity char-

| acteristics and control Power and damping. Test data were us(.d for coln-

parison where avi!able; when test data were not availabh, the. mathematical
model was compared with BHC.computer program C81, the program used to predict

I 301's stability, control, and handling qualJ, tics prc:sented i.n
the Model

Reference i.

a A. Rotor Performance and Force Characteristics
n

Rotor forces and power required are compared with data from wind tunnel

_ and whirl tests of the Model 301's 25-foot diameter rotor (References 15
L and 16) in Figures III-i through III-5.. In general the correlation

reflects the neglect of stall and compressibility in the matlmmat:ical

_'. 11 model. For a given lift, power required is calculated slightly low and
L propulsive force slightly high. Collective )N___chand longitudinal cyclic

are calcalated accurately.

;_) Figure III-6 compares the rotor damping characteristics with those cal-culated with program C81. Agreement between the two analyses is good.

III I' B. Airframe Force and Moment Characteristics
' As noted in Section 11.3 the mathematical model of the airframe force and

_": I moment characteristics in the angle of attack and sideslip range below

_: ,_ stall are based on wind tunnel data. In
the mathematical model., tile wind

tunnel data ha_ been broken down into the contributions of major com-

i ponents; the fuselage, the wing-pylon assembly, the
horizontal stabilizers

I and the fins. Abo_e stall the force and moment characteristics have been

,,. approximated. _ :_ _

Ii In order to verify that the force and moment data add up to equal that ofthe complete airframe a computer wind tunnel" test of the airframe math

model (with the rotors removed) was conducted. The mathematical model

force and moment characteristics are compared to the wind tunnel data in
I Figures III-7 through llI.-ll.. Data from two tests are shown: LTV Low

Speed Wind Tunnel Tes_ No. 408 performed at a Reynolds number of 1.2 by "
106 and NASA Langley _ransonic Dynamics Test No. 195 p_rformed at a :_,

I Reynolds number of 3.8 by 106 . Vortex generators were installed on the _
_. _ wing during the LTV test to simulate wing stall characteristics at the

full-scale Reynolds numbers.

i The reasons for significant difference between the mathematical model and
the test data are as follows:

I - Lift Coefficient (Figures III-7 and 111-8). Correlation [s good -
for angles of attack up to stall but abow: stall thc_mathematical

!
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I_ I-I[-_LICOF'TEI-'_ , :_,_I_._,_ ', .__, ! ' ........ ' , ' ' ' .

I mode. 1 lift: coeffi_.i.c_nt i.,_ h:i_,h, Thi._ _.rror i:_ _au_:_ _1 I,_.' h_
as._urm,d l:Ift _'haract._.l:i,_ti_ahow _tall (I_ fcY,n_ ]l) and wil

I be co1:rected for l.h_. Pha._c: II XJllltllal i(n1:._

P:i.tchJng Mom_.nt Coelfi_i_.ilt (l,'l_.,ur_.._ III-]] and I 1-12), 'l'hc

I p:i. tchin_ l[iOlllent _'lmract.erist.ic' of the I'ul]-:-_('a]c ;lJrc]';Llt i_,estimated to be cl.osc: to the 'I'I)T test data, hc.n_._, th_ m:_tll_i_lat-
ical model i_as been adjusted t.o obtain the slept, of the TI)T data.

I The discontinuity in the matheI_atical lieu(h:]pitching mum_mLcoefficient at positive and negative stall angles is cau_;_:dby

the assumed characteristics of Lh¢.wJ.ng downwash and th_ fuselage

pitching moment above stall. The difference Jn pitching moment

I at zero angle of attack as sho_cn in Figure lll-ll results from an: assumption made in the mathem,atica[ model that the-wing-pylon

zero pitching moment is independent of pylon tilt angl.(. This

"_' I will be modified for Phase II simulations.
&:

: - Rolling Moment Coefficient (Figures I]I-15 and 1111-16). '|'h_:

I mathematical model defines wing-pylon dihedral effects accurately_I_ _ up to -_i0 degrees sideslip angle. Beyond this rang_, the:dihedral
.,._" - stability of wing-pylon is maintained constant. (The test data

_ _ ,. do not show zero rolling moment at zero yaw because of model

'_ i_ I, asyr_netry.)

" Figure III-19 compares the mathematical model aileron control power var-

I ia_ion with angle of attack with test data. Th_ decrease in roll controlpo%er at high angles of attack is accurately represented.

Iii C. Rotor Wake - Airframe Aerodynamic Interaction

_ The rotor wake induced velocity at the horizontal tail and the unstable

rolling moment in-ground effect are represented using a polynomial lit oI7

< _i test data. The curve fit and test data are compare.d in Figure II-lO.

The effect of the rotor-do_,mwash on wing lift is calculated using the _

" analytical model discussed in Section ll.D. This effect is compared to :test data (from a model of a similar aircraft) in Figure III-20. One, i

to one agreement is not expected because of differences in the con-

I figuration of the Model 301 and that of the model. What is significant ,.iis the trend in down load with airspeed which is quite good. _,

i D. Stability Derivatives .,
-- _ Stability derivatives calculated with the mathematical model a_e compar_d

with those calculated with program C81 in Table lll-l. Significant

I differences between the mathematical model and CSl derivatives are evident
but are not fully understood. One of the reasons for the differenc_ Jn

the longitudinal derivatives may be explained by the fact that CSl air-

I frame inputs are linear below the stall angle of attack, where.as themathematical model accounts for the variation in the _'oeffieients with

angle of attack. The lateral-directional d_rivatives are in better

i agr_emcnt since both the programs use stability derivatives for airframe

301-099-001 11[-2
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I
inputs; the difference :In derivat:Jw,,n i.g l)r[nlnrJly (:au,n_:d by d.Jff(,ren_._:,.
:In th(, rotor lllathemnl:[c,_] IiIo(1(,],_,

! llowever_ the differences ill colIlpul:ed derlvat.ivcs of Lhe two [)Yo_.',lTalll:- ,qr(.
,rmall enough that the resu]Ling dynamic stab}.lity chaxacl,.ri.,:LJ(,_ ,.'r,,

I s:l.milar_ as d:l.scusst, d latex :t.n Sect ion IV,F,
E. Static Stability

Figure III-21 compares the ic:vel flight trim l.ongitudinal stick position,
blade root collective pitch, and fuselage pitch attitude calculated with

the mathematical model with those calculated with program C81. These

I: in with the of the stick
are good agreement exception 1ongitudina ]

position at airspeeds below 50 knots. This difference is caused by the
di£ference in the wing download representation in the two programs, in

• •.....I C81 the center of-pressure of the do_._load does not vary with airspeed;
& in the simulator mathematical model J,he do_11oad center of pressure moves

', aft with increasing airspeed.

" ; F. Dynamic Stability

'_":-_-II Flight mode characteristics calculated with the mathematical mode.l are
_ compared with those calculated by program C81 in Table 111-2 Note that

,_ "_ characteristics for the mathematical model were determined both from

response time histories and by solving the characteristic equations using

,,:' the derivatives given in Table III-I. The differences in the flight

mode characteristics (particularly for the phugoid mode) may be caused
¢ by the rotor rpm degree of freedom being active when the response time

_ histories were obtained. A higher short period damping predicted by
I. program C81 is due to a higher estimate of the wing downwash lag

_: derivative Cm.. Differences in short period frequencies are primarily due

to inaccuracles in the rotor mathematical model computation of inplane

I forces resulting from a neglect of stall effects.

• The flight mode characteristics computed by the two programs are compared _

I with the MIL-F-83300 lev_l i requirements in Figures 111-22 and 111-23.Characteristics computed from these two programs are such that they meet

the level i requirements and would be expected to produce similar pilot

I evaluation. _,J

G. Control Sensitivity and Damping

| "Figures 111-24 and 111-25 compare the control senaitivlty calculated with

,.._,,, the mathematical model with that calculated with program C81. Agrc_,.men_. O

is good except for the control power at _mast = 30 . Investlg,;tJon of

I this difference revealed thot the C81 data is in error at this mast angle;
the mathematical model reflects the correct sensitivity. .,

I Comparison of aircraft characteristics shown Jn lll-2b
damping as Figure

is good throughout thc speed and pylon tilt range. _---,
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I Figure I11-22. Coraparison of Longitudinal Oscillatory Mode CharacteristicsWith MIL-F-83300 Respouse Requirements _._..
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I Figure 111-23. Comparison of Lateral-Directional Oscillatory Mode
Characteristics With MIL-F-83300 R_,sponse Requirements
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I IV. CONTRACTOR EVALUATION OF FSAA SIMULATION

I Contractor evaluation of the Model 301 research aircra['t simulation on th(NASA Ames FSAA to define deficiencies of the math model, computer progr:ml,

and the simulator hardware was conducted prior to l'ormal ew_luntion by the

I Army/NASA Tilt Rotor Project Office.
Math Model and Computer Program Deficiencies

I (i) The rotor math model does not include stall or compressibility. The
requirement to include these effects in the math model was deleted
in order to meet the schedule for the Army/NASA evaluation. However_

I the first order effects of stall and compressibility have been in-eluded by limiting thrust to a value detemLned using an analysis
which includes stall and compressibility and by arbitrarily modify-

..... I ing the rotor power required equation to obtain the ccr_r_ectpowerat maximum speed in the helicopter and airplane modes.

* The rotor flapping time constant is approximated by the transport

P_,_.I'.....' I delay lagging the response to cyclic stick inputs b> the computer,|_ . -- frame time (0.048 seconds). This gives a minimum delay of 0.048
seconds and _ maximum of 0.096 seconds compared to the rotor time

1 constant in hover of 0.08 seconds. _
|

i_ A uniform inflow is assumed which means that lateral flapping in
i: m helicopter mode.is inaccurate, and the tandem rotor effect on rotor

'_ i induced velocity in side_w_rd flight is not represented.

i __ (2) Airframe aerodynamics are not adequate in rearward and sideward
I flight as accurate aerodynamics are limited to _,_ = _20 degrees.

While wing and tail stall are represented, the wing dog,wash at the

tail is believed subject to error at angles of attack above wing

|
A change in wing flap setting produces an abrupt change in lift,
drag, and pitching moment. The flap setting changes instantnneously

I and is therefore not representative ......

Wing dihedral _fects are accurate only for sideslip angles less ,_

I than ZI2 degrees.

(3) Rotor dog,wash at the horizontal tail is accurate only for level

flight as it is not varied as a function of angle of attack or side-
I slip.

Wake recirculation effects at the horizontal tail in ground effect

I are not accounted for.

(4) The SCAS and RPM governor systems have not been optimized. Further ""

I work on these systems is p].al,ned(oc the Phase II simulations.

I
IV-I
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I
However, theLr-per-formance ]s satisfactory for pre]imlnary evaluation

':: i of aircraft characteristics.
|

(5) W.Lth the.aircraft on the ground and at full _Jown collective pitch,.

a high frequency oscillati, n (approximately 5 cps) occurs. This

I apparently results from an unstable in-teraction between the landJnggear math model and the rotor induced velocity math model. Raising

' the collective approximately _na inch eliminates the oscillation.

i (6) Several unexplainable com_uter "crashes" occurred when flying at

_mast = 60 degrees. These were-not repetitive, in that flyin_ back
to the same condition did not r.esult in a "crash". The cause of-

I, this problem has not y_t
been determined.

B. Simulator Hardware Deficiencies
|

, I (i) The cab controls are not representative of the Model 301. The cyclic

'_ stick has too much inertia which affects the pilots ability to hover

-- _ I i (particularly SCAS off). In hover, numerous rapid and small ampli-
|_ rude motions are required. The high inertia causes a l=g and _n

overshoot, resulting in over controlling. The cyclic also has an

] excess amount of free play in the force detent. The cyclic, with
][ force feel on, is too "viscous" feeling. Smooth inputs and exact

return to trim are difficult, Additionally, there is a ratcheting

feel when moving the cyclic-Core and aft.

I With the force gradient off (magnetic brake button depressed) un-

acceptable high inertia and viscous damping forces are present.

I When the brake is released there is a large stick jump.

'_ The pedals also have a /%igh inertia causing lag and overshoot.

I (2) The visual system has no peripheral capability making hovering flight
_, very difficult. The resolution of the display is low causing diffi-

culty in perception of small velocity and attitude changes further _m

_ n increasing the difficulty in hover.

(3) The instrument panel is a compromise between the two contractors,

I consequently the panel layout is not that of the Model 301. .

(4) The absence of noise and vibratio_ cues characteristic of rotary

i wing VTOL's reduces the flight condition information provided thepilot. !

!
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- II V. RECOMMENDATIONS FOR FURTIIER DEVELOPMENT OF MODEL 301 SIMUI,ATION

I
The following modifications and additions to the mathematical rm_d,.l,computer

program_ and FSAA hardware are recommended for _mplementstion pr:ior to thu

I Phase II sim_lations:

A. Mathematical Model and Computer Program .... ,

' I i. Rotor

i The rotor tip-pat,, plane flapping degrees of freedom should be in-
cluded in the mathematical model to improve prediction of transient

flapping and rotor inplane shear forces. Differential equati'ons for
rotor flapping have already been derived but were not implemented

I because they required a large increase in computer, frame time. The
II-- problem with implementing the differential equations lies with the

forward precession flapping mode which has a natural frequency of

_' approximately two-per-rev. In order to include the flapping degrees• _ of freedom in the mathematical model it will be necessary to find a
,,_ means of eliminating the foward-precession mode from the solution of

_._,'] I1[ the differential equations.

I
The rotor induced velocity must be modified to include non-uniform

, inflow and the tandem rotor effect in sideward flight.

I
2. Airframe

4 _

I- The mathematical model of the airframe aerodynamics should be extended
to include _+180 degrees of angle of attack and sideslip so that the

Ii aerodynamics are completely valid in vertical, rearward, and sideward
flight.. Data from the tests of the Model 301 powered aeroelastic

model can be used to guide this effort. ".

1 "The wing downwash representation at angles of attack above wing stall
should be improved.

I The computer program should be modified to interpolate between flap :..settings and the flap extend/retract time should be added to the _'

m_thematical model.

A representation of the airframe buffet which accompani_,s lifting "
surface stall should be added to the model to provide the p_Iot with
a stall cue

I 3. Rotor Wake-Airframe-Ground Interaction

I The mathematical model of the rotor wake effects on the horizontalstabilizer and fins should be modified to reflect data from the t_s_

of the Model 301 powered aeroelastic model. --'_-

!
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I
Ground effects on the wing and horizontal tail should be. added to

n improve representation of STOL mode take off and landing.
U

4-.....Fl.ight Controls and Subsystems
iron

• The mathematical model should be modified to include failures in
U

the subsystems. This will require modeling all.channels of the

SCAS and RPM governor_ the potential failure modes, ,and failur e

" I indicators.

: 5. Engine and Drive System

I A mathematical model of the second engine and the refinements
required to improve simulation of engine failure should be incor-

._ portated.

I' B. Simulator Hardware

•_!_

l
The FSAA cockpit should be mock-up to represent the Model 301 instru-

_ _ ment panel layout, pedal and cyclic stick inertia and free play char-

t acteristics (new hardware will probably be necessary), and the power

management system. In order to use the simulation to optimize the

__ - cockpit layout it will be necessary to represent exactly the location,

'' 1 size and shape of the various levers manipulated by the pilot. It_ will also be necessary to represent tl,e instrument location and face

? characteristics. Location of all switches, knobs and indicator lights
!_

:. 11 should be represented.

I
_, 2. Noise Cues

" I A noise cue generator having noise characteristics appropriate to the
_ L Model 301 should be developed. The generator should include rotor,

engine and drive system noise which varies as a function of rpm,

L power setting, conversion angle and airspeed.

| '
-!

| ',

I
I
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I
t"

i SUBSYSTEM NO. i: ROTOR AERODYNAMICS

: INPUTS

I A. Variables

I Subsystem Block No. Symbol Units

| Y _ _<I_o_
V Ft/Sec

Ill

!' , {_ q Rad/Sec

' _' ....... l r Rad/Sec

,._ MN i

: I _M Rad

;i

@ Ft/Sec
WiRI

< I <_ fiR Rad/Sec :.
_. ,.

BIR Rad

i @OR Rad

AIR

-- <'7 B.. Ra<,
I @OL Rad

AlL "_-

hH Ft -

i 301.0n9.001 A-2
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B. Coefficients

• I Units

a ,al,a 2 i/tad, i/_, I/_ 2

LA, I ,. O

6 ,61.,62 ND, i/Deg, i/Deg2 ...........................................

I o
: , B ND

I CT ND

"_" I ND,: XSS

'- k I

,k" I_._
2a

J.

': |

| 2

; 'q

! -
tl
4

| i..

!
_ °_
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I
EQUATIONS

I
A, Blade Twist Constants

-(-OneTime Per Rotor)

I
--± [oo Xm>-,o,Xm_ >l

| _so,__m
.... i [sin (01m Xm.l)- sin (elm Xm) 1

" I KCO'm elm

_ i [Kco)m-((Xm. 1 cos (0iraX - X cos (elm Xm) ) 1I m m-1) mKSI'm 61

KC!,m = elm Kso__t,m -((Xm. I sin (DIm Xm_ I) - X sin (Dim Xm) )

2 i 2 im 2 im_.i I Ks2_m = - KCI,m - [(Xm - i) cos (e Xm_l)-(X m) cos (e Xm)]

I @im @im
-2 + i 2 )_(Xm)2. im Xm)]KC2_m _ KSI)m [ (Xm i) sin (@im Xm_ I sin (@

I - el @im

3 i 3 cos (0 Xm)1" KS3,m - m KC2,m - -- [(Xm. I) cos (@im Xm.l)-(Xm )3 im

I @i @Im

-3 + I [(Xm_l )3 sin (61m Xm.l)-<Xm )3 sin (61m Xm) ]- m Ks2,m --

I KC3, m 81 elm "_

I

l m twist rate of mth segment = ";
Where @i = (Xm.l) / '

J _hX = Radial station of m segment
m

= Blade pitch angle at mth segment_m ,_=-.
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!
Kcn,m = Blade twist constants

I (n = O, l, 2, 3)

m = No. of segments of starting from Lip (R = B)

I to root (R = 0)

[

I

m

TWI = E Kcn,m cos A 6)0m

_" I n l

TW2 = E Kcn,m sin A eOm

•'_ n l:L I - mr. eTW3 = sin A
KSn, m Om

i I m
I TW4 = E_ cos _ @Ore

_; n i Ksn'm

i I.......
= - elm -,,Where, _ eOm (@m _R) - Xm , eR Blade pitch at the rotor center. ,!

B. Initial Transformation Equations ,'/

(One Til, Per Rotor)
I A = _R2

ON' = AR2

I TD3 = TAN (63)

I nb cb
_R

1 ,--
301-099-001 A-5
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, . 'rI
! 1'_fDl r HEL-ICOPTER coMr'4_y ..,.lljl,_l It] I1., rt,.,Ifl, II,r)rl ,,r) IFII. hid j,,J,f,-

!
Lefg Rotar

I PWML = PHML cos _,qML + qHML sin _TML

I qWML = "PHML sin _WML + qlIML cos _WML

i where

PHML -- "p cos _M " q sin _M sin CM " r sin _M cos cM

l
qHML = q cos ¢M r sin CM

A PWML A qWML

", PWML _ qWML f_'
L L

i : -i VHML

'._ _W_L .'_Wind azimuth angle defined to be equal to tan --UHML

3. Rotor Hub Velocity - Mast Ax :.

1 Right Rotor
":6

i N UHMR = UHBR cos _M ""VHBR sin _M sin CM + WHBR sin _M cos @M

,._.... VHMR = VHB R cos % + WHB R sin CM

_'I'LI WHM R = "UHBR sin _M " VHBR cos _M sin _M + WHBR cos _M cos CM

I where,

(SLcG-SLsp)

I UHB R --U - q * LZH - r * LyH LXH = 12 + iM sin _M cos _M
(BLsp'BLcG)

VHB R = V + p * LZH + r * LXH LyH = 12 + iM sin CM

i (WLsp_ WLcG )

,4.*., WHB R = W + p * LyH - q * LXH LZH = 12 + iM ce_ _M cos CM

I Left Rotor

I UHM L = UHB L cos _M + VHBL sin _M sin _M + WHBL sin _M cos _M ,_,

! VHM L = - VHB L cos _M + WHB L sin _M

I 301-099-001 A-7
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O0000001-TSG13



HELICOPTER _;o_,Ir',_N_, ..,!j,,t ,. !,, ,, ,, t . ,.. ,,.. , ,

I WHML =-UHB L sin _bl + VI-IBL cos _M sin _M + WHBI. cos _M c.o_ Cbl

I wh c r {') ,

I UItBL = U - q ,, LZIt + r * LyH

I VHBL =..V + p * LZH + r * LXH

I WHB L - W = p * LyH = q )',LXH

I !I i 4. Aerodynamic Coefficients_ Risht Rotor

DNR = _ fi' DN'

:'" I. DNQR-- DNR (aR R/550)

,:') _R f_'R R_w

14' I

. WI.IMR

4 I n' RR

I _WMR TAN =i VHMRUHNR

! -
aR _-ao + _R(a I = a2 _R ) (ao, al, a2 - blade lift coefficients)

I 2/3 KFA 2/3 K.LT ,:,

.,..^. - ' 2 ; CKLTR = ib fl_2CKFAR Ib fiR

YR --' Ib I + = 5',MR i + - '"

5MR M a

301o099.001 A-_

(
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,' _I_. BELL lJ',.nr rh%(lu,.lllunl iI,ll,_,,i_Ira..,,),ill.,.,

HELl .('_-L-)PTER co/_r_Ny _,.blt,flin I111,ri,,,lltlhr,r,,,rllh_ I,l!,,Imflv

I

!. De 1:"ine,

Q6R = 0.5 o a R (DNR)

(For Left rotor replace subscript R with L)

D. Short Term Transformations

(Every update Cycle)

I i i. 'Wind-Mast' Axis Cyclic Inputs

•," | Right Rotor

AIR --AIR cos gWMR " BIR sin gWMR

,i';_ " L BIR = AIR sin _MR + BIR cos _'MR

I[ .-
g, (For left rotor replace subscript R with L)
7,

i "
t:

Right Rotor

CSn R = (_1 n - TW3n) sin eOR -t-. (TW2n +-TW4 n) cos (?OR

L _.
, CCnR-- -(TW2n + TW4n ) sin eOR + (TWIn - TW3n ) cos eOR _•

! '(For left rotor replace subscript R with L) _'-

i
!
!
i: 301-099-00! A-9
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i IJ_,P _r (Jl%clo%ui'_, ot d,lJ,) (]11 th[% l)dqt' i%

£EEi_LIC_OPTER COMPANY _,[H)I?(.I t(, tl, P r_"dr,( ,1¢1i, 011 the ,111(' p,Jq,"

1
3. Performance Parameters

I Right Rotor

,,_ 7CTR

[ _rR = oa----_-

! CdfR -- [60 + C_rR (61 "_C_r/L62)] / 2aR

ii (For left rotor replace subscript R with L)

_i' _ [ 4. Thrust and Induced Velocity
Right Rotor

: G = (0.76 + .24 * _-_ )

<_'_ If _/U2 + V2 > 30 OR G > I SET G = 1

'" E

_: Q = TR

:, _ Q3R 2B2 DNR

Q3Rjl 5 2R_' = 0.0(I " )/(lq3al + 8_. )
QSR

5 "

" l

,I

(_R 2 + .800 k R2)_5--+ Q5R (lq3Rl 8/3 XR I XRI)

IQ3R I + 8 X R

x f(_R ) Q3R

+ ss I

I 301-099-001 A-10
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i
ir

I

BELL [h,P of" (h%¢lIl_,.fP ol d,ltd <;11thl', pl.il' i', I

i

HELICOPTER coMPANY '.,.hJf;(t t(_ tlw tP',tf vh.l/ o, thE' htb p,Jqt. I /'

]
i 5. Rotor Flapping (Wind-Mast Axis System)

;- Risht Rotor

,,[ [ ]

. .,I,,..

2 _R
AR(I,I) = --_- --

"MR 2 AIR CS2R--

_: I _R

....,., AN(I,2) = -_BIR (CsBR " "7 CSIR)

i + _R _R
3 (Cc2R + _- CSIR)

i; lr AR(I'3) = - _ AIR 'ZS3R _ CSIR)" _R tan6I_.
2

i li AR(2'I) = = AIR CSIR

•, AR(2,2) = CC3 R - _ _R (CcIR + Cd ) +7 CdfRfR

" _R -

AR(2,3) -- _ AIR CS2 R " CKLTR P-1 ,
3 + XR CS2R )- tan 63 (Cc3R + _ _R 2 CCI R

|

I 2 + _ gIRCsiRAR(3,1) = - _R CC2R + _ CdfR

I _R -AR(3,2) = _-- AiR CS2R + CKFAR __

i 3 2 + XR +
+ tan 6 3 ( _ _R CCIR CS2R CC3R)

D_

I 301=099.001 A-].2

._ "._
....... , | , , Ii
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IELICOI=TER coMr.^_y _.l_lr'C! I_ th. st,.,It i_h,Jrl ,'Jf_ It.. I,t', ;_,a,'

i •

' 1 + g + i
AN(3,3) = CC3 R + _ Cdf R FR iN CS2R _ _R (CcIR + Cd.fR)

_R X

BE(l) = CS3 R +- CSI R - XE CC2 R -_R _]R (CC2R + 2 CSIR)

-- 3 2 qWMR

I " BIR (Cc3R + _ GR CCIR + XR CS/_ " 4 _MR

2 A

I _R 4PWMR" "" BR(3) = _IR (--4-- CCIR + XR CS2R + CC3R)
i YMR

I _. Rotor flapping in mast axis system- _

ii aiR aiR cos _WMR + blR sin _WMR

i: blR = "aiR sin _WMR + blR cos _WMR

,!|
t (For left rotor replace R with L)

i j

7. Rotor Inplane Forces in Wind-Mast Axis Syste m

I (Right Rotor) l

- _ ( A i -

l - . p) . _ cc XR
I _R = QSR _ CSOR _R _R + CS2R ( aiR 2 iN biN

I [ 3_R 2 a 2 3 - + /p_k Continued on
+ CCIR 2--" (aOR + IR) " _ kR aiR Next Page) -

!
J

301-099-001 A-I

I
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I
e._. i,,..,...,_.,.,.,.,,,,.,.,..iHELICOPTER coMr_NY _.l)J_,_lIn Ihl, li,,,IIllhnll !,llflit.lllb.ll,INg.

i

" I °_I - 'BIR k2 + -- 2 (kR +-_R alR)J!=,_. " T CSOR R CS2R air + CCIR

I.-'i'i + -7 CSOR XR_R blR + CSIR XR aOR + CC2R aOR

! I

?

,iiI A

l -
.-'. - . .q__ 3 3 XR
"J" Y--R= Q6R CS2R(blR 2 ) " 7 CSIR _R aOR - 7 CCIR blR

i - _ XR A" + _ CCIR hE aiR CCIR q

I
"_' BIR[ I X _R _ +i% + -_ CSORR l_ _ !_R _ a•_R___OR_

+ _ CC2R aOR " CClR _R blR

_" - [ - -2'_ AIR C kR " _R ) +_" + T SOR (XR aiR CS2R blR

i' }
1.

I 8. Rotor Inplane Forces in Mast Axis System

" I HR = _R cos _WMR + _R sin _WMR

I YR = "_R sin _WMR + _R cos _WMR

(For Left rotor replace subscript R with L)

I ' -

i 301-099-001 A-14
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l

BE[-L ]_e 0t' (h%(I,_[ne i)f ihfl,} inl IbJ', /mril. J.,

_r HELICOPTER c_omPanY s.I)lp(t 10 lhu t¢.qr, boil oil Ille htl, i,dql,

L

9, Rotor Power and Torque Required ..............................................

"( OaR I 2
!_} HPREQ R = (DNQR)-_-- CCI R (XR _R air" kR )

I
,., I a21R b2 i CdfR

+ CS2 R kR - _ CC3R ( + IR) +,,

I 3 - i -

(i + 280 ,_3R + 60 _ R) - BIR _ CC3R aiR

I l %'R PR + kR+ _ CCIR CS,2R air

" I + AIR CC3R blR 2 CC2R _R aOR + CS2Rli

(550) HPREq R" L'" I QR = '
i]R

• _ _ I_;,[ (For Left rotor replace subscript R with L)

!,

|

" I i0. Rotor Moments in Mast Axis System
%1;,

_t M =aiR KFA air

•_'_, Ib = KLT blR

'_ i IRi,

_ (For left rotor replace subscript R with L)

__

i !

_A

I 301-099=001 A-15
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!

l ' _ H_3EL_ I]%_ nr ll,%c h,_urv (,f d0? ...... 'ill' rhJ..... ',? ELICOPTER coMrANV _.hl_._t t0 tit=. I=._trl(h,,*_,,. tr hlh P'.W

" I

'i_' OUTPUTS

I Subsystem Block No. Symbol Units

_: I aiR
;'_ blR Rad

HR Lbs

I YR Lbs

.._-- QR eb/Ft

_. i M Lb/Ft

aiR

_"_-- I eb/Ft

_ _.. lblR

I HPREQ R

alR Rad/Sec

_ |_ b Rad/Sec

IR

I Rad

i ...................... alL' bIL Rad

L Lbs

i HL Lbs _'
!

YL Lbs I

I Wi L Ft/Sec .

I M LblFt

alL

I Lb/Ft

iblL

ilL Rad/Sec

b_L Rad/Sec |
A-!6

= 1 30]-099-001
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'" B. Coefficients
Units

_ I! K0' KI' K2, K3,+ K4 ND

,"_ h0, hI, h2, h3, h4 ND

-t

If

'4 L" _

r
f

,+

I
I
I

30 _-099-001 A-J7

I
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t _1_ _IIE_.L- [J',P or dl_.CIci,.[lrf. i d,ltd fh !hi*, f_,lr;o, i,,HELICOPTER ¢;,,mmf-Amy S.bll_l to I1., I_,'_trl, h.n ,,n It.. hll_, I_,lr.'

l E_UATIONS :

I Rotor Wake

" I where
(WLHu B " WI_)_M -'=0

Z =

• I_ 12R

" t CRFL =(TL2 + HL2 + YL2) ½ • "

i_ P _ _2 R4

__, MastR°t°rWake at Win$_ Horizontal Stabilizer and Vertical StabilizerinAxes

1,1 [i (For rotor wake effects on the left and Light wing, on.the horizontalstabilizer and on the vertical stabilizer, the values of the left rotor

induced velocity will be used.)

!..

• _ Wi R/WL_ = (K0 + KI _L +.K2 _L + KS _L + K4 _ ) WiL ,

. Horizontal Stabilizer "

_: I ' _'_

U - 168._9 + h4 _M) 2 _,

Wi[ = + hi _M + (h2 + h3 _M ) _R/H 0 168.89 WiL

_i__ ,

Vertical Stabilizer

? W l IR/V = Wi I R/H

- 30 -099-001 A-18

I
. .,' .°..

00000002-TSA11



ELICOPTER coMPANY _.hl,(I In thl' t_.%hlth.f_ r,rl It., h,l,' Imq'"

Co__._onents of Rotor Wake in Body Axes:

ii, Wing:

1

R/WL WiIR/WL sin _M

R/WL = "_klIR/WL

[

._/.!,_"_L', l Horizontal Stabilizer:

IB "

:_t.,_i;I: _ _/.:w_l_/,_ _
R/H -wil_/b_co__Mfl[ w'l"

: Vertical Stabilizer: ttl

R/V Ui R/H t

i

1_ i_ _.._. wi RIv= wi R/,._

I

I

30]-0q9-001 A- 19

!
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'_tfllJ.y HELICOPTER courtly '..hit.elf, tin. f_,',tr,,h _ ,.r,t',,. t,_

I
OUTPUTS

_i,_ I Subsystem Block No. Symbol Units

,," B l"tlsc,c

I RIWLr

B

i, Wil R/WL Ft/S ec

!:|
•i_

RWL Ft/Sec

' I

_' _ B Et/SecJ Ui[ R/H
k

T B Ft/Sec
, Wi R/H

.... R/V

I/

',:, j

i

|

|

_01-099-001 A-20

I
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I

i_ BELL I,,_, ,,I df'_, h ,,,i_. ,',I d,11,1 ,,h the', Imh, • tIIELIC(.._PTER coMPANY '_iJhl,'II If, lh_, ft',h[,h,,h .f_ II,i hllr l,,J'.'

I i
",i

! i SUBSYSTEM NO. 3-FUSELAGE AH_OI)YNAMI('S

,,r I
_" INPUTS

A. Variables

I Subsystem Block No. Symbol Units

| _F Deg

• I B. Aerodynamic Coefficients UniLs

Ft2
I Lo'LI Ft2 Deg

Do,DI,D2_D3,D4 Ft 2 Ft 2 Ft 2 Ft 2' Deg, D--'_ 2 _ 'Ft2

' 1 Ft3 Ft 3 Ft 3
MO MI, M_' z ' Deg' Deg _

I
Ft 2 Ft 2 '_

_'" Yo'YI'Y2 Ft2' De--_,_geg2

• I' '_

.,' Ft 3

_i I io,ii Ft3' De'--_ i

'" _ 3

No'NI Ft3' _)e-_

!

I h

301-099-001 A-21

I
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• 'I
.. ,,4_,1 i¢ J-_ d[_ J' ,I _'¢', _' / _ ,4

HELICOPTER ¢:omra_v ,_Hlqt,II l0 Ihu rl,'dlu 11,)11-n lit*' hth p,/,I t

I

I •
EqUATSONS :

_:., qF = _. PVT

":"" Ii_ For _F and _F _ 200

I LF = qF (Lo + LI _F )

',_ I DF = qF (Do + ILl _F + D2 _2F + D3 I_FI )

.i _ = qF (No + Ml (_F + M2 I_FI ) = qF (Mo_ f((_F)+ M2 I_FI)

| --
_ . YF qF (Yo + YI _F + Y2_F I_F[ )

I N' = (NO + NI _F )
" F qF

i,
_" I For _F and _F > 200

g

"' I < 70° 4For _F > 20°' _F :'

r

|

1 '" LF = LF

*" at o<F = +-20° :

.|" DF DF

I MF = MF at _F = -+ 400, _F' = :_ 200

I 20°< _'F < 70°

I 301-099-001 A-22
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b

.1_ _21dP _¢ +'lo+I¢v _' "11-£¢ ....... O+

i

'+,,r I _ _ .I_.L" ,j,,, ,,1 [,l,, it,, ,l, ,, o, ,,d,,, c,l, ,,,l,+ [,,jh,, l, I
, H P_LICOPTER COMF+II_Ny %LillJl+ll I0 ILL+"l,",h 0+ ll+d+l 0[I tl'w ruth' I+'"W

+

._:_ = YF
,+

I+
',+_,

, !_; I_ = i' At _ -- _ 20°:i+" F F F

NF NF
if ,

" n

, For _F > 700,

"_ i = ' = ' = ''= 0 DF qF D4 _ Wind axis
,_ '+_ LF = MF YF IF NF = I system

L

,j,

i: I

f

-!_2

twtL

j,

!
I
!
I 301-099=001 A-23
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:" t_ BELL I]_,1, (11" (ll_,l Ifi'_l,ft. ,'it It,lid nil Ihl,, II,l,ll. i_••: HELICOPTER coMpANY. 'nlhl,,(I to the It'_,tllEtlc,lt ,,11 Ih,. 1011,.I),lfl=.

i_,,; b

i_,,i SuBsystem Block No. Symbol Units

_, DF Lbs.

I y ' Lbs.F

M_ Ft=LbsN ,
iF Ft-Lbs

_ I , Ft-Lbs
- NF

i !.
k_

/

,!
!,_| ,

_ 1

•'%" I

y |

I
I
I

h

I 301-099-001 A-24
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i BELL IJ%e or dl%cI0_,llfe 0t d,lld _.Ii II.; pdqv i')

HELICOPTER comPANY sulBect t0 thP fPslfl(h0n nil tl'.-hlh, pdqv 1
(

_i I b. Aerodynamic Coefficients
: )

Units

,.|
,' ' ND, I/Deg

CLwp) CL6a

'_ I CDWP ND

i: I CMOwp ND

i I cW/H Deg

.: XR/W) XW/R ND, ND

I,-"'_' C = 0 i/Rad

;i Cyp/CLIM N 1/Rad"_:-'_ I = 0

i,= 0 1/Rad 1/Rad_. l _L ° ' _-_/_._
+,

1 qPl CL=O i/Rad
IMN=0

l I b°_ 1/Rad, llDeg
C_r/CLwP MN = 0, ACIr/(_)6f)6f,4,';

' I Cn_ I MN = O) Cr_/CL2 WpII_L = 0 1,Rad, l/Rad ,CL 0 ._

I
Cnp/r' IM.N = 0 l/Rad -

"LWP

I %.IC_,_nrl% _"'_°
-- _ °WP

I i/Deg, ND
C_6a'KI6 a

K , Kn6 a i/Deg, N_D -"
no6a

I
i Knp ND

!
301-099-001 A-2O
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, _HELICQI_TER L:OMp.,_Ny %lJlil.{t 1,, {D*. fr_,tf *, r ;fl th* hlh i,J,,

I
'_' EqUAT IONS

'_ I A. Wing Aerodynamics Affected by Rotor Wake

,_, Computation of wing areas SiW R and_SiW L under the rotor wakes.

|: In this subsection, K is a dummy subscript. It is replaced by R and L

' while computing SiW R and SiW L respeEtfyely.i.

_. The logical flow chart shows the sequence of computations necessary for

determining SiWK"

: I -- F'I(CIK" C2K) and F2(CIK, C2K) are procedures representing computation
" of a-contribution to the wing-area in a rotor wake.
/.

4" ! FI(CIK' C2K)

b

'-__ I XAK = XAK + XAIK

yAK yA K + XAIK Sir,6K

,, F2(CIK, C2K)ff

_ 1 , RWYK

_'! SiWK = SiWK + _ AIK "_----WW_(sin 6k)(C2 - 2
2K CIK)

@ YTIPK(C2K- CIK)

_" i RWYK 3 3 )
XAK --XAK + _ XAIK + 3-E-'- (sin 6K)(C2K - CIK

3 WXK

I " YTIPK (C23K" CIK )

RWyK 2i sin 6K +- (sin2 6 - cos 6K)

" I YAK = YAK + AlE 6Rwx K K
2 2 . wYx

3 . CI ) + i R cos 6K * (C2K C
: --_" (C2K _ (RwxK WYK " YTIPK) iK) RWX K° I
-" whe re : ---I

= sin "I CI___K

: I eC IK R WXK "-

I

I 301-099-001 A-2-
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I,,,, ,,,,,.,,.,,,,,,,,,,,,,,,.,,]oIn=:n_TIE_R-COMpAI%Iy ',LlhJvcl I. Ihl! rf,_,tfrl Iic_ll iJrl Illl, tull_, II..ff'

-I C2K

! eC2 K = s[n E_

I
_q'L

'1

_";_'I AIK=' RwxK RWyI<I=eSOKl sin eC2 K cos 6C2 K

: ---sin cos + - eCll<]
I @CIK eClK @C2K

" 2 RWYK 2 _ _2 ,3/2 (RWXK UlK: J'- I XAIK = 3 RKDfK Jcos 6K J R.WXK C2K ) - -

_ I
and :

% ,,

;i: I

'_';I i' = iM cos _M

UWK = - U - WiJR/WL

B

:__ sin _M

VWp' = V, VWL = -V

= J c°S_M •
I WWK - W + W i R/We '

9;

,_. If MAX(lug, IV_I) > lO" !WwKI ._,_
i .;

Use:

I UWK iO0U_
Wwx MAX( uw_ VWK ) ,_

J

| "
-- _ VWK i00 VWK

I W WK MAX ( UWK , VWK )

i ¢ is the distance forward from wing trailing edge to shaft pivot.
. (SLwT E - SLsp)

¢= 12

_01-099-001 A-29
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,,.% HELICOPTER COMPANY %lJhlt'(I If, 1111. lu_lliih,,,, .J1 IIIi till. pdql'

.!f'

,:, XTE K - --

":: t WWK

"i!i, = cW + XTE K

. XLEK

VWK i'

'T I YT IPK - WWK

;' I ( /' = cos _M + UwK" sin %

_ ,: RWXK ..... RWK - __ WWK

' _ [_i RWy K = RWK _ + sin _M

,,,.., ( ) or/ ):ot If R2 X 2 or . y2 < 0 then R2 . X2 R2 _ y2

2 > R2 and > 0 then = 0
t_ If XTE WK_, XTE j SiWK

; YTEIK - RWX K XTEK " WXK " XTEK

RWYK XTE K sin 6K + Icos 6KI WXK '_
YTE2K- RWX K " XTEK

i,' [

i i
" 2 > 2 and XLE < 0 then SiwK = 0.. _ If XLE RWX ___

I

I YLEIK- RWX K WXK" XLEK

301-099-001 A-30
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I ELL ll_,eOl ih',llil%tlll.._Id,ll,l,:lilhi',p,lq,.,

I

2, > _ and > 0 then = 0

i If YTIP YTIP SiWK

: RWXK" YT sin 8K Jcos OKJ VRwYK " fTIKKI XTIPIK = RWy---_ IPK -
'!

" XTiP2K (YTIPK sin 8K +I cos 6KI _-2 - 2

!"_ I -RWy K - WYK YTIPK
?,

I rXWK = SLcG " SLwTE " XTEK + XK

;"_I rywK = BLsp " BLcG + YT]PK" YR (f°r right wing)
i;i

i = - BLsp + BLcG_i_'TIPK + YL(for left wing)

|. _ x_
where: XK = ---

_'.. S iWK

_: _K = SiW K _ #_

,t

If _M > 300 ' set SiWL, SiWR = 0 ,,

I
Total Velocity: _,

:/2 ;;

I Resultant angle of sideslip,

V

! _,___[_+_,L_,_+<w+w,I,__]_
301-099-001 A-31
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HHLJCOPTER coMPANY ',,Jblp(tt0 th*. r..,tf,(I.,l_ ,,o Irlt' till,. [_.,,

;: Resultant--.angle of attack

,_) W + wi

' _' I -- tan'l R/WL

1 F WL U'+ UilB
, [. R/WE

:r t
Dynamic pressure:

1 2

• 'qiWPL = _ _VTiw L

'_:.'. Lift in (local) wind axis system:

_.i_ _. (right) =',_: : LiWPR qiWPL SiWR
CLwpL

_: X Drag in (local)wind axis system:

_ (left): DiWPL = qiWPL SiWL CDwp

(right) : CDw P
DiWPR = qiWPL S

:_| iWR

i B. Wing Aerodynamics in freestream flow
(Wing area subjected to freestream - SooW) "

--sw ( +sS W - SiWL iWR )

I Dynamic Pressure:

l 2 --qF = 7 pV

| .-

!

,01-099-001 A-32
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l BELL l!',,'or (hstI,+_LJll_ ,,(,IJhl.,f_ th;',;)..,,+=',

:' _ H E LICIE)PTE R _;OMF'_r_Y ,t,hl,.r I h, ,h,+ r,.qr,,, ........ ill, ',th ,),,q," I

I Rotor flow field effects at wing:

/, 2CRF
'_" (57.3)

I A_R/W = 0.26 XR/W MAX2 (_L' .15)
!_,

# i
',_ Angle of Attack at the wing:

"; I % = °_F" a%/W

I Lift in (local) wind axis system:

-- [ + CL6 a * 6a_i_ LWp qF S_W CLwp

i Drag:

_;% _ DWp = qF S _W CDw? f(C_w'_M' Fx' MN)

Note: CLwP here-is a function o/_-_W

Pitching moment :

i I M' =qFS =W cWOwp CMow P

_' I C. Lateral-Directional Equations

i!,_ Prandtl - Glauert compressibility factor C_:

,,; A%+4cos(Ac/4)w !
% i % = AI%w BC + 4 cos (Ac/4)W......... i
6!,

_!'I wh_re: !

= - cos (At/4)w
-I

!
I

L

I 301-099-001 A-33
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I

| _ll_j BELL lJ_P or _11'_(l(,_inr ,,I ddhJ ,i_ llh, l,,lqr ,,:

HI_LICOPT_I_ c+_Mr,,_Y . %llhl(,(l I(+ lhp ri'qll+h+,ll :,ll lilt' lilt," P'J'I"

"' for U > 1.5 ft/sec,

,£

li, Y - [;orce in the (local) wind axis system'

= p' __+Cy r' )
',, YWP qF S=W _F + 2--u-(Cyp r

' I RoII and yaw moments in (local) wind axis:

, r')+C 6

t I i' -- bW + _ (el P' + Cl 16 a

_.. WP qF S_W
_. p r a

_'I -.":_ I NWp' = qF S_W b W Cn_ _F + "_ (Cnp p' -+ Cnrr') + Cn(5 (Sa, ; a

where the .a._craft angular velocities in wind axis system are,

-- _W F+q _Wi. !_, p p cos cos _ sin _F + r sin- cos _F

i r' = -p sin _W + r cos _W
5

_' and the lateral-directicnal stability derivatives are,
-?

P _L MN = 0 LWp (%) A% + cos (A¢/4 W>

' CI)• _- ,,.
'_' 3 Cy Yr MN = 0

I
| . cll_ + c_p .-% \c%p % =o

ct_ N

I 301-099-001 A-34
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,' i E-'_.L. v c,f (h'_il :,,jr, .t ;I.d.i .r, I':l _, I,r.,

J

"1 %

I I °ol°""_!: 5. ct -- c_p eL= %)* _cL
I p _ w_:----/_

| . ! Lwp
8 WP _ ARw

l

" Z_Clr doe

i : d6f f

I If FI then 6F = 0°

, If F2 then 6F = 30°

, 1 If F3 then 6F_60 °

'_+ 1 If F4 then 6F = 15°

i 7 C16 = KI6 C16
, ' * Fi

_"_ a a a otW.< 80 ._'
Where,

I " f(Fx' _M' (_W)

,_ KI6 a

N =o _ MN
I

I b.

I 30].-099-001 A=35
i
M
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,, ! , b4 tt, _t J i ,* ' II * / _ ii

|

I BELL. l;*,v_rdi'_l.*.n_,.t_l,Jt,lr_It,.',,,"I_'_',

: I

;i._I 9. c =- cj.%-K n " Cl %" (:_)A% _ n_ ,,,.C:t,
: np P p p CI,wI? MN =

' |

!
" _" I ii. Cn6 = Kno6a + K 6 C16 CLwp* _ a a a
B

i 1il ",

"_ D. Wing Wake Deflection at Horizontal Tail is a function of angle of attack at

°,. the inboard section of the wing, mast tilt, flap deflection derived l'rom ._
test data. -

,I

CW/H '" f(_w' _M' Fx) !

.._

I
I

!

I 301-099-001 A- ;6
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, i,_,_, i_

i BIE_LL IJ,,,.r,{(h,.{l........., l,t,.:.I..... l),'q'', ],, (_ HELICOPTER cQ/_PAfWY--- 1%'lbl('(I l:, ll_,, rr_,h ,,1 .......... t,lh ( .......
(

,,_' OUTPUTS :

'i_ I Subsystem Block No. Symbo] IIn]t:s
L_"

_ Q D_g
:C I _w/H
, C)_ ' ' Dog" %1w,'_FiwJ

.' I LiWPL Lbs

LiWPR Lbs

i DiWPL Lbs

"" I DiwP R Lhs_:

_W Deg

I
_ LWp Lbs

_ % i, DWp Lbs

I
_L * Ft-Lbs
_, Owp

I y ' Lbsil WP
;_': i' Ft-Lbs
_ WP

N' Ft-Lbs
_ WP

I

I
I

i

d

I 301-099-001 A-37
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I_IELL 11'_o r)r {llsl l.M_h' ,f (bird 0(I lhl", pdIIv l',

':" HELICOPTER E:O/'_IpAI_y _,.I)jl.(I Io flu. ll,',ll,(lir, rl oh tlu, hll_. pd(ll'

:r .4,

_':,': SUBSYSTEM NO. 5-HORIZONTAL STABILIZER AERODYNAMIf,S

INPUTS :

i I A. Variables

i Sub._ystem Block No. _ Symbol Unfts
( ) SLcG In

I _" q Rad/Sec

UilR_H Ft/Sec

":" I wilB Ft/Sec
II _ '_ R/H

6 Deg

_ ,;, e

,+.i (_) u Ft/SecV Ft/Sec

_: W Ft/Sec
,_<,

__ i _F Rad/Secf:
_: _F Rad

,, p Slug/ft 3 17

B. Aerodynamic Coefficients

'_ ND

K ND _i

" I CLH , eL ND, 1/Deg .

I CDH ND

I cN ND

| "c ND

k

I 301-099-001 A-38
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I [J',[' _r (h',( I, ,,,r, Of d,lhJ (HI thl'_ pdlJt" L', /

I
EQUATIONS

I Body-axes velocity components due to vector(_T + Wi_R/H )

I UR/H _ U + Ui R/H

I w+wl= i R/H

' I UR/H an&WR/H affected by wing wake (_W/H) and body pitch rat_ (q),

UH = UR/H c°S(Cw/H) + WR/H sin(¢w/H)

|_" WH =-UR/H sin(ew/H) + WR/H c°S(¢w/H) + IXH q

I where

}

i I cW/H = f(_w' _M' Fx' MN)

l

I ixH = (SLH - SLco)_--

_.- Total velocity:

"6 i

_-:"' VHT = UH2 + V2 + WH2

, Angle of attack for lift equation: :

i

_HL = iH + tan i WH (for % < 1.0) _p.

I
iH + tan i IW_H)/\

= " . (KeTe)6e (for MN > 1.0)

Angle of attack for drag equation:

I
= - (Ke_e) 6

I _HD iH+ tan'l WH e

301-099-001 A-39
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OPTER coMPAnY _,_hl,._l !, I,:, ,,.,h ,, r' ',n Ihr hilt Imclr

i
Dynamic pressure: .....

I
qH = _ p VHT

• I
;_ Lift in (local)wind axes:

I For U < 67.5 ft/sec, set _F = 0; if_U <_ 35, set U = 35 ft/scc

." LH 6e_M N) + _-- -- __ %_:,; = qHSH b_HL I \_W /

_ _o_l_I>_o,_ ._%_I_I--_ot

L _i Drag in (local) wind axes:.

_:", DH = qH SH CDH (_HD' %)

_ Local angle of attack (for resolving forces)

,i-- _H = tan- i WH

_' Pitching moment :

I %

I

I

I 01-099-001 A-40
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i BELL Liar' or (h_,( i._LJil, ,;l ddl,) ,;i, lhf., i){}lfi i i ..

(_[,,_ HELICOPTER cOMPA_)'," i %[ll)ll'(I |(' l)w fl,',)),,)l,,)', ()tl HI,' IHh. p,)0,' ]

OUTPUTS :

:;;, Subsystem Block No. Symbol Uni'ts

C,)": ff Deg
/ H

• I•",+, LH Lbs

_' DI[ Lbs

._,

F I

-?

r" _

!

!
,,_p.

" I t

| "

301-099-001 A-4
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{I_ BELL [J_,P of (11_,[lo¢,t+r++ ,,I ,!,+t,J + t++l" P'+'"' 1
HELICOPTER COmpANy _.hlV(I I+, +' , +, " + l, ', ,i H,, f,lh ;.:;.

t
i SUBSYSTEM NO. 6-VERTICAL STABILIZER AERODYNAMICS

INPUTS :

' I A. V_a_iable s

Subsystem Block No. Symbol Units

V Ft/sec

+ I W Ft/sec

__ p Rad/sec

q Rad/sec

r Rad/sec

B Ft/secW B Ft/sec

ND? ,-+ ' I P Slug/ft3
_-: 6R Deg

G _M DegI T Fx FI' F2, F3' F4

I _F DegDeg

In. ;: H

| +In • "_+'
WLco

I B. Aerodynamic Coefficients

(i " bcT/b_F) ND _,

I ND _,
CYv[F 1

I_M= 90

CD V - .-

I b_/_/p',b_/_Ar ND

ND'rr

I 30].-099-001 A-42
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(1_ BELL ,. ,.r ,l ,._ ' =,d,i,a_IIh_ IJ,)q*_'. ]
HELICOPTER coMr,^_v ,,t,f,.r I t, t' , ' , tl,tl ,,o {hr. hth. (mqf'

1
i EQUATIONS

The H-Tail is represented as a left and right fin. Velocity at the left fin,

.... VVL (U +-Ui R/V - q*l_..zv+ r*lw')2,+ (V - m','ixv+ p.;_lZV)2

I + (W - WIIR/vB + q_;'ixv . p,iyv)2 }

I U. B = 0 50 < 3 < 280
R/V F

for

" I i_ =o l_l>_o°' Wi R/V

!142 IXV (SLv SLcG)_,

")i i _YV (BLv BLGL_ ]2- "

:": i
r_: IZV _U 1 Z

_" I Velocity at right fin,

_ V2 (U + UiiR/V
VR = _ ZV r*iyv)

" I r_ IXV p*Izv '

+(W-wilB + + 2 I ,
I R/V q*Ixv P*Iyv) _.

I t "Ui B = 0 "5° >_F > "28°

I R/V for ',

wI,o (j  j.°oo
I R/V

Dcflne sideslip angle due to vector (_T + W_R/V)

I -I V

_vL,_ _° \_ +_._ >2 _ 2 --._ _ R/v + (w+w i R/V)

301-099-001 A-43



O"OLL I"" ,,I. ELI(3-{3PTER coMPAnY %llhl,.(I ! ". .... *, qn I1., till{, p,lfll,

'_: De [11_. /,cro Rudder Sideslip Angle, ir (u + UiiB ).._<............lO_ _i.I -: ](}.0 _t/sec',_/v

.'-_ _VL,a° = _VL,_(1- ) + --_-- tZV L=
2(u+uilB) "bw _ PI R/V

" \ bw + b-_ (57.3)

, |
Sideslip Angle for Y Force Equation___

"I
_VYL_R = _VL,R (For MN < t.O)

 i:l °= _VL,R ° + (KRTR) * 6R (for MN > 1.0)

' "-_"'_:I Sideslip Angle for Drag Equation,

_ I _VDL,R = _ve,/{° + (KR_R) * 6R

_!':I Dynamic Pressure,

qVL = (1/2 p KVL) I_V and qVR = (1/2 p VVR) ,_

'* Forces in the local wind axes are, -_,

YVL = _ qVL

I , = i SV CyV

I
YVR _ qVR '_'_

DVL 2 qVL CDV

1

I DVR = _ SV qVL CDV

I

I 301-099-001 A-_4
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J BELL. IJ%Por {ll%fJll%llll_ lil II,lld ¢HI Ilu', p,lqt, i_

" i i

SUBSYSTEM NO. 7. RETILACTABLE I,ANDING GEAR

I INPUTS :

I A.. Variables

Subsystem Block No. Symbol Units '

I ® _ _°

_ ffF Deg
f i VT_ WG Ft/Sec

I @ P Slug/Ft3

1_;I ® _,o _e_
f"t

B.- Aerodynamic Coefficients

_ DOMGU (t) DOMGD (t)

ii DONGU(t) DONGD(t)

I C. Strut Force Coefficients

"2 1 KSTI --KsT/- KST3 _ i

,lulm-

I

i

I 301-099-001 A-46
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%_,:

BELL I I1%P OI {11(,{ ]{)%U[I' !){ {Idld {Jfl _hl% pdql' [% I
HELICOPTER C(_/_PAN'r %Ubl{'(l I0 lhi' [i'(,lll(h(,l'l 011 lhl' hill' Pdtlr

i '
Landing Gear Locations

I Xn = SLcc - SLG

I Yn = BLcG " BLGn

Z = WLcGn " WLGn

I Butt lines positive to right. Water lines defined

with zero loads in landing gears.

I Where,

i = Left Main Gear

..>, 2 = Right Main Gear

I 3 = Nose Gear-:.: Aerodynamic Force Equations

:*' qF = _ p VT

:'"il" A. Gears Down

_"' I DMG = qF DMOGD(t)

_i* i B. Gears Up

DMG = qF DOMGU(t)

| ';
DNG = qF OOEGU(t) "

! ,,', ,

Strut Force Equations _".

Strut Deflection

I hGen = X sin e - Z cos (9- v
n n 'n

I horn = [Yn sin _ + (Zn + 7n ) (cos 0 - i)] cos @

hTn = (h + hG6>n - hocn)/(cos e cos ¢)

I 301-099-001 A-47
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i _jql_l_ E_ELL IJ',P nd ¢la.,c IoMifi. abf dal,_ r,h IIh'_ JhJ,jl' I'.
',ill,iJ'HHLICOI='THR, _,s_r',_y ",.hlt.I1 Ic_ Ill,. r,"_te ,, t.,ll _,li tl.' hlh, p,Jq,

I Force and Moment Contrl.butions of Gear Struta

I AXn = _n" FaZne

I Ayn = FSn + FGZn_

n Azn = F_n @ - FSn _ + FGZn_ _

n aMo= "AZnXn + AXn (Zn + Yn + hTn)

' _ I aln ='AZnYn " aYn (Zn + _n + hTn)

" _';_ = -ax___+ x aY

_;" AXLG n

V

'i 3

_? -- E AY

_' I AYLG 1 n

I AZLG = E AZ
i n

"" I AILG = _ A1I n

_MLG = r. AMn
1 '

---",_ ANLG = ;.' AN
1 n

I
o_

I
q i

301-099-001 A-49
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BELL I Use nr disclosure of data on IIw _,,J,I," ,', 1
HELICOPTER coMPANY ] _ubiecl to 111[! rr,_Irlrtlon Go lh,. hll. P,.i" I

SUBSYSTEM NO. 8a CONTROLS MIXER

.,, INPUTS :

•'_. A. Variables

_t | Subsystem Block No. Symbol Units

il ' @ OOL/O, @ORZC__- Deg -

"_" I (_} XLN InchL'

_i I Inch,_. XLT
_' Inch

B ";:_ XpD

_ I XCOL Deg

.t I_-_'_"[[: ESAS DegRSAS Deg

w, 7 _

_,_ ASAS Deg

_: XLG UP, DN

I'_ I @ VT Ft/Sec• %

• l

B. Control System Gearing

bBI/_XLN ' bBl/_XpD Deg/In, Deg/In _.

_LOo/_)XLT b@o/_)XCOL, O Deg/In, Deg/In, Dcg-. ' OLL

I b6e/_XLN ' I)6R/bXpD Deg/In, Deg/In

i b6a/bXLT Deg, In -lb._.

I 301-099-001 A-51
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I'

I{1_-I.. IC:(_)[}TI'ER _ :()MI"A_Y

.CONTROL SYSTEM BLOCK DIAG-RAM

LONGITUDINAL STICK

Blr(_ M)

ESAS_ TABLE C I I
e BIL

PEDAL ABIf(_M)

/"
XpD P-

VFUS ,_ I TABLE C II

> O_R

eof(_M)
LATERAL STICK

ASAS I _.

TABLE C III

_- O6A

COLLECTIVE STICK

XcoL_ _ __ H�.--O oR
_ 0 _OLTABLE C V

_oL,R/G

TABLE C V]

"_0]-Or)_)-{I()1

00000002-TSD04



°

li" /

FOLDOUT_A_I'E _ "

I !,$._ Of fh_lO%lrl, ")l 'ldl_ ',n IL.', ,_ldfJl, i S
'l",fIlf'lf IO IIH. ll,(Ir rll<t ",F, f!31. I I/, _.lvitJf

Limi t 0°

TILT BEEP_

sWITCH 0 _

BIL TABLF_.C IV

Limit 90°

PILOT's I 1
DEFLECTION--..I/ _ 2 2

-. SELECT _ L_IC( _

. swITc_ _3 3 04
4

I

UP

PILOT 'Sj_

LAND INC

$°R GEAR
SELECT

"_ SWIT£1[ "0 LDG

0

oL DN

X
TIIR

............ _ A-53



"1
BELL UseOr disclosure ol d,lla on lh:, Imq,! I_ IHELICOPTER COMrA_Y subjecl Io lhe reslrff.hon on llle Inlle paqP.

I
i EQUATIONS

A. Collective Pitch

I = ) * X-COL + @OLL + E)OR/G

I 00_ (bE)o/-bXCOL

/_o\
bXL XLTN -.

I @0L = (b@O/b ) * XCOL + @OLL + E)OL/G
• XCO L

I

I.!
B. _ Longitudinal Cyclic .

| _ --_ ×,--, <x,_-x,._+_.___s>

-\T-RTD/*<xpD-xpDN+.sAs_ .,

I
I

_.o- 4_,.._

a 01-099-001 A-54
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(_ BELL I]5_,or di(,clnsijre ol d(lld Drl tlln'.,pdq('e, ]
HELICOPTER COMPANY 5.f)lo(t to the rP_.Irn_honon the t=t[_[)dq,.

t
i C. Elevator, Rudder, Aileron

_6

I = e , (XLN + ESAS )6e _ XLN _ XLNN .....................................

x

i 56 r
= -- *(XpD + RSAS)

_:i &r b XpD " XpDN _

6 - a
a b XLT *(XLT - XLTN + ASAS)

I
,L

¢-

!.'. D. Nacelle Tilt

,.[
"_ _M " f (_M) * (i, 0, - i) (Fwd, Neutral, Aft)

.i l: _M = _M dt Limits 90° < _M < -5°

E. Flap Selector

i Flap/Flaperon Setting is:

F1 (0,0)

I F2 (40,25) Use toselect __

F3 (75,47) table

1 F4 (-28, -17.5)

i 301-099-001 A-55
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I ELL tJ%eor dn%cln%ul'e_1 d4hi orA th0_ I),lq_' i_

@ H_:L]LICOPTER coMr'A_Y %ul)l,'[' to lllP n,_lr,,l,_Jn or, lhv hth, i),iq,,

I
I F. Landing Gear Selector

I LDG = [0,i] (Up, Down)
'T

I G. Variable Incidence Stabilizer
}'

iH + iHI_!(XLN - XLN N) + ZH2 (XLN - KEN N)
_., = xHO XLN = XLN N -

+ '

I + ill3{XCOL = 0 zH4 XCOL

!

!

i ......

l t

-gP

!

I 301-099-001 A-56
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1I
_o.L I''_''¸''''..........._IHELICOPTER company ,,.I)lf,cl h= lB. t,..,if,, h,d, ,_¢1 Ill(' htle (),l(J('

I
n OUTPUTS:

Subsystem Block No. Symbol Unlts

I C) Oo_ o_
b

OOL Deg

m BIL Deg
i

I BIR Deg

6 Deg

e

iH Deg

6a DegI FX (FI' F2' F3' F41

iN Deg/Sec

_'_ I _ _M Deg

" m .,

• m _,

t

I

i 301-099-001 A=57
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A .?P'<_.
,qJ • t,ql *" .arJ * j ,_ ' "gl ' d ., ..................................... --

(_ BELL U',{. 0r (h_rlG_Ln'v of rJ,itr)Or_trll%
O,J'f. &%

HELICOPTER C,OMP,"NNy _,(Jl_jertt0 II1{, re%trl¢h.rl oil thr htlv I),l{l_.

1

I SUBSYSTEM NO. 8b: FORCE FEEL SYSTEM

INPUTS:

n A. Variables
i

i Subsystem 31ock No. Sy_ol Units

_ XLN Inch
I XL_ Inch

XpD Inch

....*....Ii. Inch

XpDT Inch?
_ VT Knots

L_'

"_ I B. Stick Force Gradients _.

I FLNO, FLT0 ,...FPD0 eb/In _ ,_

FLN I' FLN2 _ _.

I Lb/In/Ft/Sec '_"
FLT i' FLT2 [

I '
FpDI' FpD2

Lb/In

4. °4

I VI , V2 Kts

301-099-001 A-5_

00000002-TSD10



,e_ .sc_t +wtb,t e" l_,'l

I

t ELL Usl_ nr (h%( Io_.r_ of iIdhl o1'_ Iha', l)(l(i;, r_

(_ HB_LICOPTER coMl_^N_" _,(H),,'(I '(, 'h,' '"'llll(ll,"" (i" Ill" 'Ill" I','(l" 1

I
l EQUATIONS:

l
-- [ + FLT 1 (VT - VI) + FLT 2 (VT - V2) ] * (XLT XLT T)

t FLT FLTo

_ [ "_- (V T V] ) "l" - V2) ] ";_ (Xpn - X_n T )I FpD FpD0 FpDI FpD2(VT

!
FCOL = F4 * X_OLI

I

L

I

i

I ;01-099-001 A-59

00000002-TSD11



i
ELICOPTER co_PANY sublPd Io II_e r0str, horl ,',n Ih,. hU, pa,=,

I i i

I OUTPUTS '

Subsystem.Block No. Symbol. Units

'_' • Pounds

I FLT a "

!. FI_D pound_

F Pounds
" COL

"_:1
N

!'I
"| i

9"

| "_

u
I
I

1 m,u

I ;01-099-001 A-60
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I SUBSYSTEM NO. 8c: CONTROL FORCE TRIM SYSTEM

I INPUTS:
A. Variables

J

I Subsystem BlockNo. Symbol Units

_,,

XLT Inch

1• _ XpD _eh

BFT On or Off

I

1
| J

I

301-099-001 A-6]

00000002-TSD13



i_ BELL I tJ_'I'nt Ill',rlr)',ijt_',,I.l,'t,l.,tlII.,ip.J,j,,i.. 1
HELICOPTER c:o,_p^_y '_ullll,rl I(i Ihf. r,.q,t(t=,,ll _;Jl Ih=. hll_. i_,J_,.

1
I F._UATIONS :

i If trim button is depressed (BFT O__NN)

I XLNT = XLN
XLT T = XLT

I XpDT = XpD

i,I, I If trim_h_ is not depressed (BFT OFF) ............................................................................................................

I XLNT = XLN T

I XLTT --XLT T

I XRDT = XpD T

I.

I_i
i-

i

p.

;

I
,.

I

- J 301-099-001 A-62

• , . •..... -...... - .... m
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i_ BELL ] !J_,P 0F (h_,(10'_lilf ' rl[ dclt(l r,(l ll_l',, lhl(J_' I', I

I I

HELICOPTER co/_4PAN'V I _,.hlP(l l0 I111'I f,_,llI( II011 (,If III_' hlh' paq,' l

OUTPUTS:

Subsystem Block No. Symbol Units

.. I _ XLNT Inch

I XLT T Inch
XpD T Inch

I

-.ii:"|

I

r,,

iI

I
I

_01-099-001 A-63

I
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I

'" 0 BELL ,'._ ,it ,Iq.,,10.,,,,,,_t,I,it..,i .... l_,.,,',', 1.' HELICOPTER GOMP'A_Y ",.()J.d to Ih(. e(,_Jf.Imh 0l_ tit*' Idle' paclf'

f,,

"'" I SUBSYSTEM NO. 8d: PILOT'S CONTROL FUNCTION

INPUTS :

, i &. Variables
,£

I Subsystem Block No*. Symbol Units

I _b_ FLN PoundsFLT Pounds

'/,. Pounds. FpD

" |i
FCOL____ _ Pound s

....l .......
" .:T 1 EQUATIONS :

Pilot in the Loop

!! I::

I OUTPUTS : Control

. Subsystem Block_No. Symbol Mechanism Units

• ! XLN Long. Stick Inch

i XLT Lat. Stick Inch_ B..
¢' Pe daI Inch _

_. XCO L Coll. Stick Inch

_%, Beep Fwd, Neut., Aft
M Swi tch '_

Grip FX
I XFL (Floor Mounted)

XLG Switch Up _ Down

I @ RPMp Beep RPM

I G

I 301-099-001 A-64

*'" ' m J
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A ' i'

HELICOPTER COmPANy ',tJ{Jj)'( { _r, ( rli' [('%)_]n flU [ ',il {r],' ht F'" l)il'*)'

I
Control

I Subsystem Block No. Symbo i Mechanism Units

XpSAS Switch ON/OFF

i XRSAS Switch ON/OFF

i XySAS Switch _ ON/OFF

I

....i I

i. '"

,

[

[

| _

!
!

!
i ]01=099-001 A=65

I

i m '
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i BELL

HELICOPTER COMPANY ,..l_l_,(t Io thl, l l.'.,tr, tt.rl fJll ll.. bib, ;),Jq,

I
SUBSYSTEM NO. 9-CG AND INERTIA SHIFT WITH PYLON TILT

I INPUTS

l _ A. Variables

Subsystem Block No. Symbol Units

l _ _ _°_

I _M Rad/Sec.

h__ Ft.
I B____Inertia Coefficients

_, Sluss - Ft 2I KII' KI2' KI3P KI4' . Deg.

I
m,

,2

l

!

I 301-099-001 A-66
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f'

(1_ BELL IJ._l!or ms_l,lsllr,. (11c..,t, l.,, ,.,.. pdU"". |

,%

HELICOPTER COMPANY _,.I)ff'(t tO thl' IP'.Jrl(ll,,h (JII Ill*' hfh" Im,;f. /

•g EQUATIONS

'/ " I- CG Displacement as a Function of Pylon Tilt Angle

;;:; XCG = Z sin _M + X (i - cos _M)

' I M)•, ZCG = Z (i - cos _ - X sin _m

: I Where, Wp
• X = G"-W (SLsp- SLp)

,. Wp
, z -- G--q(WLsp"_5._._ _

_i'. ! CG Location,

i_. _m= o

_i I WLCG -- WLcGI_m --0 + ZCG

Rotor Hub Height From Ground,

_" I I (WLsp WLcG) I _

. ; m

_:_ hH = h + Im cos _m + 12

| . _
"" CG Velocity Due to Pylon Tilt Rate,

1 XCG = Z [_M * cos _M] + X[_M * sin _M]

I zcG --z[_M*sin_M]x[_M*cos_m]

I
!

I 301-099-001 A-67
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(_ BELL ] tl%v of d[',l I(;%lJrf- ,,t ,hlt,J ..( I_'"' IJd"r " I
HELICOPTER COMPANy _)_II)JP{I t(, tllq' fvqr.h,,r,, r_ th, tili, Ii,l,l,

t

• " ' 2. ,

i XCG -- -Z [_M * sin _M] + X[_M cos _M]

[_.2. . 2"ZcG = Z * Cos _M ] + X[_M * sin _M ]

-I

i Aircraft Inertia Change Due to Pylon Tilt

I _zz : _z_l_.:o+_

I _ _×z : _×zl_.: o- K__.

I

!

I
I ..._

I .,..
I 301-099-001 A-6
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O0000002-TSE06



"-- j J

ELICOPTER ¢.:.omt-.A_v snh)._lIi_,.. 1.._!_,,hw, ..n m. h),-P,J'r"

i J

' II
,; OUTPUTS

i,_ Subsystem Block No. Symbol Units

:': 1 WLcG Inch

:! !
Inch

. ,, ZCG

_f' ! _cG I.ch/_o_
i-'i %,,,! ZCG Inch/see

' _ "% l

_ Inchlse¢ 2

'_;: I Iyy Slt).g- F£ 2
,_, IZZ Slug Ft 2 '_

IXZ S lug Ft 2 :

r,

• _.,,=,.

!
i

I
! I

iNL

I 301=099=001 A=69
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. ,_ e I,IIt_ ,.II*'• .I p*'. I_p'/

J BELl. H',..r dlsl Ii_,..r. (,I Hard _.h Ihr. I),lq," r,

t_ H ELIC:OPTER (:o_t'ANV l ,,llhl,,,l lo lh,, l,,,,hl(h,,l, ,,t, lh, hli, p,,q, l

I SUBSYSTEM NO. 10: AXES TRANSFORMATIONS

I 10a. Transformation of Airframe Aerodynamic Forces and Momentsfrom Wind to Body Axes

I INPUTS :

i Subsystem Block No. Symbol Units

Q o_1., Rad

I _F Rad

L F Lbs.

"" I Lbs-_ DF

I" ' Lbs

"" I YF,MF _ Ft-Lbs

_'_"': 1 I'F Ft-Lbs
!

.:,_ NF Ft-Lbs-

_ I Q _' RadF/W•
' Rad

' ' I F/W :
L i_,_rpL Lbs

• I LiWPR Lb s .

DiWPR Lbs

%

i LWp Lbs

DWp Lbs

I M' Ft-LbsONp

t ' Lbs
Y_p

' Ft-Lbs

I

NWp Ft-Lbs

I 301-099-001 A-'O

O0000002-TSE08



L-- i
.GLICOPTER +_:o,',,41.A_+_ '_t+l)ii'{l I+_ th+ l+,,.lrnth, i+ ',h If.,+ +_tl, ,+,.,,

I
i Subsystem Block No. Symbol Units

Q olH Rad

i LH Lbs

. DH Lbs

N
MH_ Ft-Lbs

if! i _VL' Ro Rad
' Lbs

}._ YVL

_'- I YJVR Lbs

... Lbs

• DVR Lhs

Q DMG Lbs_
i ....

I

L L

I

| ._

i 301-099-001 A-71.
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_I_ _I-.L-- II_I' {]r {II'+1llJ%IJrl" .ii ddl,l I I! , ,,I'.' _IHELICT.0PTER +,_+:oml.AP_+ .,tjhl.(l l<+ Ill+. r.,.,ll.l. +, ,,h ",, tiP,, i I ,

I
EQUATIONS :

I A. General Form of T_ormation

Xi cos _i cos _i " cos c+. sin _ - sin _. .

I l i , i i I

Yi = sin _i cos _i 0 I-Yi II

I I

Z' Body sin °l" c°s _" sin c_i sin _i c°s c_" £ _1 i i i Wind

• I 1 . m

I This transformation matrix is also used for the moment• .'+ transformation. _ and _ are the component angle ofi i

Ii" attack and sideslip angle, respectively.

B. Transformation of Fuselage Forces and Moments

I.

:?' XF = -D cos _F cos _F YF cos _F sin _F + LF sin _F

YF = "DF sin _F +'-YF cos _F
!

i:i ZF = -DF sin o_F cos _F " YLF sin c_F sin _F " LF cos o_F

i I +

+,

,&

I t t _ !
LF = iF cos _F cos _F " MF cos _F sin _F NF sin _F

,<

MF iF sin _F + MF cos _F Y_ _."

I l I

NF = iF sin _F cos 8F MF sin _F sin _F + NF cos _F

i

I

I 301-099-001 A-_2
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HPILICOPTER _¢_Ml'^i'_il ">iihli'll h)Illl, rl,<,liilh.h uli lhl, lilh ll,Iql'|

I -
C.-Transformation of Wing Forces and Moments

i i. Forces Generated by Rotor Wake

! ! I

I XiwPR = -DiwPR cos ffF/W cos _F/W + LiWPR sin ffF/WI

YiWPR = "DiwPR sin _F/j_[

.! f !

ZiwPR = -DiwPA sin _F/W cos _F/W LiWPR cos _'F/W __

I
'' 2.--Forces and Moments Generated by Freestream Flow

_ '|

XWp -Dwp cos _W cos _F " YWP cos _W sin _F + LWp sin _W

" |

' YWP = "Dwp sin _F + YWP cos _F

'[$ ZWp = -Dwp sin _W cos _F " YWP sin _W sin @F LWp cos ¢_W

,U.

;,I = lli'l cos elw cos _F " MiOwP cos _W sin _F NWp sin _W

MWp = l_p sin _F + M'" cos _F _ _

!

NWp = iwp sin o_W cos _F " M' ' •
OWP sin _W sin _F + NWp cos _W -,,!

q_r

D. _r_nsformation of Horizontal Stabilizer Forces and Moments i",;,'

I XH = -DH cos _H cos _F + LH sin _H i

YH = "DH sin _F

l ZH = -DH sin _H cos _F LH cos _H

,t

I 301-099-001 A-73

2._..... _ -=-_'
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i _ BELL IY, i, nr dl'_¢ll'*%uft, of !Jahl ,,1_ Ihl., ii,.i, ,'. 1

HELICOPTER I=ol_p,_l%ly _,{IhlPil 10 IIw I I,%lll(Ilhl) ur_ Illl' hth P'_5* I

I
I lH -_ cos sin _F= OlH

I MH=MHc°s_F

I NH - -M_'sin o_H sin _F

l" I

_/ E. Transformation of Vertical Stabilizer Forces.

!

• = + YVR cos _H sin _VR
XVR -DvR cos _H cos _VRo o

YVR -DvR sin-_vP - YVR cos _VP_

I o o= + Y;R sin _H sin _VR
"_I.' ZVR -DvR sin o_H cos _VRo o

_*" I F. Transformation of Landing Gear Aerodynamic Forces

_ = cos _F cos _F

'_ I XHC' "DHe'
YMG = "DMG sin _F

" I
• ZMG - -DMG sin _F cos _F

301-099-001 A-74
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.H|:_|_|_C..h_.'I"FR c:(-,.,v_l-_._v ..,.rile_l * It. e,*,h*_h.,r ,,, l',, ,,_:, .,,
.

- I
OUTPUTS :

I Subsystem Block No. Symbol Units

..... @@
..... i_ (X, Y, Z) F Lbs

-- (X, Z) iWPL Lbs

I (Z, Z)iWPR Lbs

I (Z, Y_ Z)Wp Lbs

(X, Y, Z)H Lbs.

": (X, Z) Lbs
MO

I (X, Z_ Lbs_NG - -

i (X, Y)VL Lbs

I (X, Y)VR Lbs

iF Ft-Lbs

I MF Ft-Lbs

i: NF Ft-ebs

i_ __ Ft-Lbs

I MW___ Ft -Lbs

I NWp Ft-Lbs _"

1H Ft-Lbs :.

| ,,
4" MH Ft-Lbs

I NH Ft-Lbs

I

I 301-099-001 A-75
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HEL.IE;OPTER ('(:_'_l'ah_ ,.'l',e ' !!, f, !, ,, , ,,. ,,, . , J
i

i lOb. Transformation of RoLor Forces and Moments from Mast to Body Axes
INPUTS '

I Subsystem Block No. Symbol I'nlt,_

T R l,b-

I HR l,b.,
a

I YR Lb_
QR Ft-Lbs

_" I M Ft-Lbs
al R

, I iblR Ft-Lbs

HL Lbs

'. I qt.i2 Ft- Lb s

M Ft-Lbs

" 1 aIL
_, Ft -Lbs

iblL , ,_

; _M Rad

I .--
!

| ;.
i
I

I 301-099-001 A'_

"-:L
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- |

HELICOPTER cot'_p,_,_Y StjhlPCt I0 iI_P ='{=slri(tlot_oil If., htl_, ll,=(;,"

I
E,qUAT I ons :

- I
_ )OR = "i'R('_ _M cos ¢M " YR sin _M sin CM + TR sin _M cos _M

I YR = HR sin _M sin @M + YR cos #M + TR cos _M sin @M

I ZR = "HR sin _M cos _M + YR cos _M sin @M TR cos _M cos _M

' I XL = "HL cos _M cos _M " YL sin _M sin _M + TL sin _M cos _M
!i",

_ YL = -HL sin _M sin '_M " YL cos _M - TL cos _M sin _M

ZL = -HL'sin _M cos _M + YL cos _M sin _M TL cos _M cos _M

_ i IR = iblR cos _M cos @M - MAI R sin _M sin CM - QR sin _M cos @M

i_ MR = -iblR sin _M sin @M + MAIN cos _M "QR cos _M sin _M

NR = IblR sin _M cos @M + MAIN cos _M sin @M + QR cos _M cos @M

. IL = -iblR cos _M cos _M - MAIL sin _M sin _M + QL- sin _M cos _M

_i, ML = iblL sin _M sin _M + MAIL cos _M + QL cos _M sin _M

"' i NL = "iblL sin _M cos _M + MAIL cos _M sin _M " QL cos _M cos CM "0

I
I

I 301-099-001 A-77
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10c. Subsystem for Euler An$1es

INPUTS :

I Subsystem Block. Noo Symbol Units

- _ p Rad/Sec
I q Rad/Sec

I r Rad/Sec

_ Rad

I @ Rad

'" 0 Rad

_ I EQUATIONS,

} I @ = q cos @ - r sin @17 _ = p + r tan 0 cos O + q tan 0 sin O

_ _ __r cos _+ q sin _COS 0

" _l = _ dt ,:

" OUTPUTS :

Subsystem Block No. Symbol _ Units _.

Rad/Sec

I _ Rad/Sec _ '
._li.-'-.4

1 @ @@®® _' _"
@@, _ _,_ ..

l ¢ Rad

)01=099-001 A-79
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J (_ BELL ! ,,,..,_,,,,,,-'.,.,.,,,,.0,,,,,,,,,,,.'"'"'J
HELICOPTER COMPANY II_l, or dl%r I,Isull, 0l d,lhl i)11 till', iraqi' i', ]

"'_ I i

'J' lOd. Subsystem for Earth Based Velocities

!Y. INPUTS :

"L;,.. N Subsystem Block No. Symbol Units

'"" t _/ Rad

_' N _ Rad

: ¢ Ra d

i t

(, U Ft/Sec

;_' L V Ft/Sec
W Ft/Sec

" II EQUATIONS :

UEB = U cos _/ cos @ + V cos _/ sin @ sin ¢ - V sin _/ cos ¢

N " + W cos Y sin 8 cos _ + W sin _ sin _ - U wind E

KEB = U sin _ c_° e + V cos _ _.gs _ + V sin Y sin_@ sin

+ W sin _/ sin @ cos ¢ - W cos _f sin _ - V wind E

_._ WEB = -U sin @ + V cos 8 sin _ + W cos 8 cos _ + W wind E

,, OUTPUTS :! .' Subsystem Block No. Symbol Units _

_,, ? Ft/Sec

<: U UEB _'

i VEB FtlS_c __I WEB Ft/Sec '

!

1
m

301-099-001 A-80
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BELL [" ''".........'*'"'"'"''""'"'"'"'"HELICOPTER COMPANY ,lhj,.(l', !.., ,,.'.)f.tl._i;r_lllhl.hlh. {hlq(.

foe. Subsystem for Ground Velocity Sut_ation

I INPUTS:

m subsystem _lock No. Symbol Units

,., _ _ Uw Ft/Sec

m OW Rad

_ YW Rad

| ?

UE_

VEB ......

WE B Ft/Sec

' Uwa_/_ (cos_w cosBw)

VWE = VW ('sin _W) .........

_ _E = UW (cos _W sin eW)

m =
vG VEB - VWE

WG = WEB " _E _i

OUTP_ : _'

m SubsystemBlock No Sy_ol Units _"•

l __ UG Ft/Sec ;_ VG Ft/Sec

II WG Ft/Sec

| _.

I
301-099-001 A-81
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t BELL [J_ or (hs(In_.l_. of {I,Itg (m tlu_ iJ,=,lI. _

HELICOPTER comPANY %lll)ie{l to IhP tl,qflrhr.i oil thl, hill. pd(lt.

I
lOf. Subsystem for Ground Reference Distances

I INPUTS:

Subsystem Block No. Symbol Unit_

I VG Ft/SecL
WG Ft/Sec

I Q_ WLcG Inch

I EQUATIONS:

:NN = 1.6878 f UG dt, PAX = NN + Xo

f
ii

i (WLcG- ll._- i h0 = 12 .+ hI (hI Initial CG altitude)

I _=-9o_'+_0, _z,=_+_o....
: I h = -WG

OUTPUTS:

Subsystem Block No. S_ol Units

i NN NM i_."E NM

h Ft _ -.

-" p NM
AX

i PAY NM

p Ft
AZ

I Q _ Ft/Sec _"-

I

i 301-099-001 A°82
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BELL I]_ ol (h%rlo%ul_. lif d,lhJ <,fl tl)i.. [)dqt. i%HELICOPTER COMPANY _Ul)lC,r.I to Itu' rc._tru hop, ou tl.. hlh, p,l(iP

i
:. I SUBSYSTEM NO. ii: AIRCRAFT ANGULAR ACCELERATIONS AND VELOCITIES

!
L':L"

,_I_, INPUTS:

_. A. Variables

Subsystem Block No. Symbol Units

|,_. Z Lbs

""_5 A

B i, / M Lb. Ft.

• ! l N Lb. Ft.

"N._ A

__ I _1_ p" Rad/Sec2

_" _ Rad/Sec 2

:, _ Rad/_ec 2

__ p Rad/Se¢

_ q Rad/Sec

_ I r Rad/Sec ,

- _, (___ _M Rad .
_ _ _M Rad/Se¢

_' I _') Ixx Slug Ft2
= Iyy Slug Ft 2 •

2

i IZZ Slug Ft
,_,D IXZ Slug Ft 2

I XCG , ZCG Ft

I XCG' ZCG Ft/Sec
XCG' ZCG Ft/Sec2 --

! .
301-099-001 A-83
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_" ELICOPTER COMPANY _Lihleft 1(_ tl." r_,'_lt'l_ll_.l _. Ih,. hlh I_d<i_'

I
_ii" I Subsystem Block No. Symbol Units

@ SLcG Inch

I _ _
_ WLcG

I

I

I

}:.

I
I

...,_, J

I

I
301-090-001 A-84
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i
HELICOPTER COMp^N_ _Ulllm,I (0 Iflf, r,=%tr,tm)_ml t)l,' I,Ih, I),)<F.

I
I EQUATIONS:

A. Aircraft CG Ansular Accelerations (Body Axes)

I Roll Equation: .

I __ IXX = (Iyy IZZ) q r + Ixz(r + pq) + 1A

I Pitch Equation:

_" I _ Iyy = (izz . ixx)Pr + ixz(r 2 . p2) + MA

_ I Izz r _- Iyy)pq + Ixz( _ - r.q)+ NA

Angular Rate Equations:

e, p= _dt

q = dt

| _
I'

B. Pilot Station Accelerations <Body Ax_s).

| x,

aXPA = __+ (_ + pr)(Zp A . ZCG) + (q2 + r2)(XcG" IpA) ..
+ YpA(pq - r) - 2q ZCG " XCG _-

I .
t 301-099-001 A-85
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J BELL ll_enldl'.iIt_[.1.,,fd,lhl.h tin',pd,l_',',
" _ HELICOPTER co_r'.AN'r -- ,,.hl_.(l In lhv l_.'.lli_ll,)ll (ill tin' htlv ll,"l*

I
Y'A + (_ ZpA) +(;. + )( . )

I aypA = --_ qr)(ZcG Pq IpA XCG

o ol

i . ypA(r 2 + p2) +_ 2(PZco . rXcg )

ZA

i aZpA = _ + (_ . pr)(Xc o . IpA) + (p2 + q2)(Zc G . ZpA)

: |!',.

J ! '-

' " ' )_CGI_i,' UpA = U - q* ZpA r * YPA

= , , . ,_%,,
_. WpA W - q * IpA +.p * YPA %.a%g

f° _., ^

. where, ipA (SLcG --SLpA)/12, lpA = (SLsp - SLpA)/12

• i ' = " = BLpA '_ 4_• YPA (BLpA BLcG)/12' YeA 12

i Z,pA = (WLpA- WLcG)/12 , ZpA = (WLpA- WLsp)/12 _.

I
I

I 301-099-001 A-80
I
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OUTPUTS

Subsystem Block No. Symbol Units

I _ _ Rad/Sec2

I _ Rad/Sec2 +T Rad/Sec 2

I ©,@®,G_,,®,@,@ _ _,se_
:- . (_]) q Rad/Sec

T r Rad/Sec

I _ _ aXp_ Ft'Sec2

Ft/Sec 2

I aypA
, - Ft/Sec 2-

azpA

I Ft/Sec

UpA .,

Ft/Sec

I Wp A Ft/Sec

_! i +i--

I

I

I

I
' 101-099-001 A-87
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BELL (J+,I' ,,r III_,EJ++'_tlll' ,JJ +hlhl ,,li th,, _+,t,+, ,'+HELICOPTER {.:+amp_N",' ',.l)l_. I(} lhl. t+,.,lelclJc,[+ ,,t+ tl. +ill,- p,jq,.

j ,

SUBSYSTEM NO. 12: BODY AXIS LINEAR ACCELERATIONS AND VELOCITIES

INPUPS :

I A. Variables

i Subsystem Block No. Symbol Units

XA Pounds

i XA Poun ds

ZA_ Pounds

:I_ I Q U Ft/Sec

W Ft/See

! T Rad

8

i

I
I

!,

301-099-001 A-8B
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EQUAT IONS :

XA

i _-- -g sin 0 + Vr - Wcl+
YA

= g cos @ sin @ - rU + Wp + --

I -- "mZA
= g cos 0 cos _ + qU - pV +

| x_
Nx = _

-' I YA

Ny = _

=/ I ..........
_ ZA

i Nz- _

V = |_t dt

! !

v_ _/_2+_ +
W2

! '
Angle of Attack, v

_F tan" i W

I Angle of sideslip ,

_F = tan'l' VV_U2 + W 2.
p-

I
301-099-001 A-89

O0000002-TSF13



BELL ll'w ol Ill',(Io_,IiI_,Illll_ll,J_,I_lhl',l),lq_.I',t4HLICOPTER c_,'vlr,A_v ',uhlv{I Ii)Ihl. ii.'..Ifl{lll,ii {,11thl. hth it,,_j,.
Q i

t

I OUTPUTS :

i Subsystem Block No. Symbol Units. QQ@L_vOb@"-" u Ft,_
'i I _'- V Ft/SecW Ft/Sec

I _@ VT Ft/Sec

"_- 1 1 _F ...................................Rad
,_ _ F Rad

" '" I _ N× _,_
_ _';

_, Ny g' s"

_'I _z ...........................,:s...................
i,

' |

I '
I

I
I _

i01-099-001 A-90

O0000002-TSF]4



i (]%1_Of" (It%Lid',till' Of fl.tlct rll_ 1111') Imm .,

I
SUBSYSTEM NO. 13-FORCE SUMMATION

I INPUTS :

I Subsystem Block No. Symbol Units

_ (X, Y ,._/Z)F Lbs. '

I (X-,Z)iWPL- Lbs.

I (X, Z)iwP R Lbs.

(X, Y, Z)Wp Lbs.

___ I (X, Y, Z)H ebs.

(X) Z)MG ebs.

I (X, Z)NG_ Lbs.

(X,_./Y,_Z)L Lbs.

)

_i (X, Y, Z)R Lbs.

_'i', I (X, Y)VL Lbs.

I' (X) Y)VR Lbs. ;:'

• I (AX) AY, AZ)LG Lbs. 1_i

I

J
I

301-099-001 A-9!

00000002-TSG01



(_ BELL U_. or (h%flo%.tP of ddhl cJr_ Iht', pcJ(jP I_,HELICOPTER COMPANY _,.bJPd Io LIIG, r+._lr0+lbm fm I1., hlh, pdqt,

I
i EQUATIONS :

i XA = XF + XiwPR + XH + XMG + _XLG + XNG

+ XL + XR + XVL + XVR + Xi_4PL

I YA = YF + YWP + _YLG + YL + YR + YVL + YVR + YH

I ZA = ZF + ZiwPL+ Zwp + ZH + ZMG + AZLG

I .... + ZNG + ZL + ZR + ZiWPR

i

I

I
I •

I

301-099-001 A-92

........ , m.. • , . '1

00000002-TSG02



I :

HELICOPTER COMpAN_ '-,(JI)l_,_t t(i till, fP%lll( tlOll of1 trl*. till,. P,J'J*'

I

_.'.: OUTPUTS:

_" I Subsystem-Block No. Symbol- Units

;_" Lbs.

': |
1[,?,

YA Lbs. _

!
i ZA Lbs.

_ ;_, |

_ "_"_ I
[.

._.

;!

,_I j
'" |

!
I
I k

I 301-099-001 A-93

00000002-TSG03



,I' _ tg +_- ,4'II,I+ +'w' "Ib!"f........

!,

'' _ BI_:L_.L [J%P o[ (_1%([(_+1j[i _ ol chit: i till% [htlle ,'st HIC_L|COp"_"II_F_ COMPANY _+LII)[P('I I0 IhP r(.%Ifi(ll • ,r, tilt, Irth l+,.;,

"+ I

jl,

SUBSYSTEM NO. ]4-MOMENT SUMMATION

Subsys ternB lack_No. Symbol Un its

W&CG Inch

I _a_ BLcG Inch
(X, Y, Z)F Lb.

(X, Z)iwP t Lb._

I (X, Z)iWPR _ Lb.

(X, Y, Z)wp__ - Lb.

"_ I (X, Y, Z)H Lb.
Lb.

m _ (X, Y)VL

_ _ I (X, Y)VR Lb._!i _xz>_ _
-,t ++I _) <x,z>No _+b.

, | _ (x+ z)L t++..
(X, Y, Z)R Lb.f_

_9 (I, M, N)F Ft.lb

(i, M, N)Wp Ft.]b

'+ I MH
g Ft Ib
_ i O

_ _ (i, M, N)L Ft.lb

¢" I T (I, M, N)R Ft.lb

,', (AI, AM, AN)LG Inch

_' I (rxw , ryw)R Inch ,_

_ (fEW , ryw)e }nch

I ¢ Deg ....
hH Ft.

I
!

I

i ' "_01-099-001 A-94

,[

00000002-TSG04



HELICOPTER COMPANY- 'nJl)le(I 1o Ihe rP_,tt i( hon (m II., hth, p,,i.i

EQUATIONS :

i MA = XF (WLcG - WLF)/12 + ZF(SL F - SLcG)/12 +(XiwPL + XiWPR + XW__) *

(WLcG - WLw)/12 - Z.iWPR .t,t rXWR/12 ,_LWL_* rXWL/I2 + ZWP (SLw'SLcc_)/12

I + XH (WLcG - WEN)/12 + eH (SLH "__C_)/12 + XMC (WLcG WLMG)/12

I + ZMG (SLM_ - SLcG)/12 + XNG (WLcG - WLNG)/12 + ZNG (SLNG - SLcG)/i2

I + (XvL + XVR) (WLcG - WLv)/12 +-(X L + XR)[WLcG-(WLsp+ 12 1M cos _M)]/12

+ (Ze + ZR) ["(SLsp- 12 1M sin _M) - SLcG]/12+ MF + MWp

I + MH + ME + MR + AMLG

!

I IA = YF (WLF --WLcG)/12 + ZiWPL * ryWL /12 + ZiWPR * rwy R /12

+(YiwPR +.Yiwee + YWP ) (WLw " WLcG)/12 + (YvL + YVR )(WL_ WLcG)/12

I +(YL + YR)[(WLsp+ 12 1M cos _M) - WLcG ]/12 + ZL(BLsp e - BLcG)/12

I ........ +ZR (BLsPR --BLcG)/12-+ IF'+ IWp + IL + IR + IG _ ¢ + AILG

I hH 3
Where, hH ,hH,2 , (_._) } . (=__LVT)1G = {IGo + IGI *_'_ + IG2 * _-_) + IG3 e

' I hHFor 0.5 < _-_ _< 1.4

I

I

T
I

' 301-099-001 A-95

•.. L- ,

, ml

00000002-TSG05



OPTER coMPANY SlJblecl t0 tl_e reslrl_ ,. _, ,,. Ih,. till,-IJ,J'J'

i

i NA YF (SLcG SLF)/12 XiWPL * /12 - * ryWR/12
',',:., = . . rywL XiWPR

"_, + YiWPR--*rXWR/12 + YiWPL * rXWL/12 (SLcG " SLw)/12

" + XL (BLcG " BLsPL)/12 + XR (BLr'G" BLsPR)/12 + Ytt (SLOG" SLH)/12

: iI + (YvL + YVR) (SLcG " SLy)/12 + (XvL - XVR) (BLvR - BLcG)/J_2 -I- -

,, I + (YL "---(SLsp" t2 1M_i_ _M)]/t2 + NF_"2"_NUP+ NL..

+ NR + ANLG

I

}.
_ |

f.I

!i: |

! ,i

- 4

I
I .

I 30I-099-O01 A-0_
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I

I
I

1 301-099-001 A-'i'"
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i
BELL Use or (jl',,rlo%tlr_, _t dal,I ,,It thl'_ II,](l_, i',HELICOPTER ComPaNY Stll)lP(_t to l,_(, rl,strll|lUll rJn Iht, lille, p,tqf,

i SUBSYSTEM NO. 15: FLIGHT ENVIRONMENT DATA
INPIYrS :

I A. Variables

Subsystem Block No. Symbol Units

/_ I B. ConstantsI,

° c

" ' .r _ TO

1

2.,

I

I
i

L A-qa
' 301-099-001

00000002-TSG08



I BELL

i"I':=LICOPTER coMP,%NY SLJI)/P;I 1o Ihf. f l.%il l( tJfJl_ ofl tlil. hlh. JJ,J(;P.

:v I E_UATIONS

: T = 288.15 - .0019812 h + T

_: I a 0_ T.

eT = 28s'--"/s

Ta 15.255876

I 6T = 288.15

0" = I(l - .00000687 h)5"2558761- l; 1 .oo0687h+ eT /
•.,: p = (.002378) (o")

VS = 661.48 (BT)I/2

_i' MN -- VT/Vs

_ VCAS = 661.48 5 i + 6T i -I-_TT 66L.48" -i

ii

t6 ,

I

|

• 1 301-099-001 A-99

m

00000002-TSG09



OPTER compAnY _4,i]lP(t Iti Illl, tt._,tll[ I.,h ,,n tilt. htl, I),lt,q

I
!. j 0u_,_,.
i. Subsystem Block No. Symbol Units

F MPH

i @ VCAS

"i ®- _ %-

_¢ ' ' I'

!

_t
i' i _?

i

!

I

I 301-099-001. A-100

00000002-TSG10



{_ BELL I II'_e ol dl_,( Im,.lf. ,,] ddt,I (,11 lh,_. IJ,J'i'" ,'. "]HELICOPTER comPaNY stll}lI,CI I(I Iht, r(,%ll If Iloll r,f_ till. tltll, IraqI. /

I
I SUBSYSTEM NO. 16 : PILOT'S FLIGHT INSTRUMENTS

i I COCKPIT INSTRUMENT DISPLAY

l

I

I _ Gea/-Touchdo_ Lights
'"' ,.

o o o
- _: I Deviation

_i Indicator

¢, _ _ Situation _ _

_' i Indicator

4

I 4

%4 Nacelle Tilt _gle h Baro Altimeter

:' I Fx Flap Position hR Radar Altimeter !
--'---- QE Engine Torque _&V Turn and Slip

i VT Airspeed _ _gle of AttackW Vertical Velocity Indicator _ Side Slip Angle
Rotor RPM g Normal Acceleration ""

I

I FS_ - MODEL 301 PILOTS PANEL

301-099-001 A-]OI

L_-............ i,

00000002-TSG11
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I1" • 15 *4 Tal't _' *_" ,o

I_IELICOPTER co_'._'r _..Qe.I t,, th. r.,tf.,l= • ; !', '', •

,l I
SUB_qYSTEM NO. 18: ENGINES AND FUEL CONTROLS

i/ | iNrUTS:
_" A. Variables

• |
,:_ Subsystem Block No. Symbol Unit_

I Oeg
XTH L Deg

. i_ _T Ft/Sec

_:_ (_ Pa Psia

j

• I
_ _. T oK

_j a

_*% ',. _ _ Rad/Sec

A

• i_ I T RPT_i.• Rad/Sec
_ - QLPT

_ I,.,. B. Engine Coefficients

I KI , K2, ___ ND

K4, K5, Kb RPM, RPM//HP, HP

|,_, oK

_};Q K7

KS, K9, KI0 , Kll , KI3 , KI4 HP/Deg 2, HP/Deg, HP, 1/°K, I/Deg,
'_. i/Deg 2, Deg

.... i tD
Sec

'" I pctmxs, pctmxp %, %
P Lb/In2
O

I To °K

!

I

I 301-099-001 A-103

00000002-TSG13



(_ BELL ly.)..,f d,,, I ' ), I ,:,d,,; 1,,, ,,) ,HELICOPTER coMrANY-- _,Jhl,.,) I..,, r,.'.h,,_, t, .,. h,, I,,i, ,,,,

EQUATIONS :

I A. Power=Turbine (N2) Governor

, = dtpTG

I I HPRoPTG (HPRo) 0 + --' dtpTG
tD

|

( )9.55 * f_RPT

: I ¢S = - iRPMN II

I RPMNII- 22200

I Integrati°n begins when ''sLhas exceeded 0"O02 f°r tD sec°nds'

i_' and continues until ¢S _< 0.002 at which time (HPRo) 0 is reset

• I to the current HPR0 ) and tpTG is reset to zero.

dtpT G = sign (-¢S) * MIN l, pctmxs

I

HPRoPTG = MIN {HPRoPTG, HPRoTH}i
B. Throttle Control

I HPRoC is the commanded referred optimum HP on one engine. ')

I If XTIIR < 40.0.HPRo C = 150.

I < K 7)If Ta _ ..__

2 + K9 +HPRoC = K8 XTH R XTHR KI0

i
301-099-001 A-J04
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4h

t

I _ _J_L.L. lisp IJl (11_,¢ItJ%tJll.,,I II,ll,I ,,ll Ihv. I;,Itl, I',

HEI-ICOPTEI.R caMPA_y [ Mlllllql It! thl. I i.%11 It llllrl ,;[] [hi. hl[I [hllll' 1

I
IfT >K 7 ,a

HPROC_ [l Ell (Ta gT)XK12 + El3 (XTuR K].4)XK8 2= . . . XTHR

I + K9 XTHR + KI0] ,

!
_:_:_3_: trip

f dHPRoT= (HeRo) 0 ---------"dtTHHRROTH + dtTH

_: _ I_ ¢ = HPRoTH i
P HPRo C

I Integration begins when _ has exceeded 0.002 for tD seconds,
p /

'!! I and continues till Cp- (HPRo) 0
, < 0.002, at which time is reset

_._,, to the current HPRo, and tTH is reset to zero.

'A ,;.;

L,.,;, dHPRoT I i00 * CPt * fl (HeRo' h) "_
';"'I dtTH = SIGN (-¢p).* min i, pctmxp I '

I C. Actual Power Developed _

Referred optimum horsepower of one engine

I : m*oI } "

"_:<"_.o°_>L_,:_o +_ +_
1 _ RP_°

where RPMRo = K4 + K5 MAX (HPRo- Kb) , 0.01 1/2

!
I 301-099-001 A-105

00000003



HELICOPTER cOMPANY ',.hl,,rl to I1., I f'_,ll, h.n .in I1.. hll*" IJ,Irw

J 2 7/2

(_)[i '0000461 VT 1
' _ 6 = +- Ta

| ,]TI_o_) [ .0000461 VT
, e = i+ T

_' I a

A

[_,: The actual power developed by the two engines is given by:

HPR = HP * _ER

-_, HPL : HP * _L

_' _R _L Comments

I-- i i BotP engines operating

_ I i......... 0 Left engine out

; 0 i Right engine out _

/.

;:.' HPR * 550 ; _

_' i _RPT ;
" QRPT _

I HPL * 550

':_ QLPT fiLeT

I Initial values: (at the beginning of simulation)

i (HPRo) = HPRo C0

301-099-001 A-106

00000003-TSA03



l 8HLL [J%(_f)r dl_i l_J_.l,, i)l Ilald (]II thl'_ ll,lq,, t',

I
OUTPUTS:

l Subsystem Block No. Symbol Units

| _ %_ _._.
QLPT Lb_ _t:

I

I

i_

I

i •

| •

I

• I 301-099-001 A-107

00000003--[$A04



t _ ".I.-.L ['s_ or dq%,lo_llr['o' ddhl(m 11'1_I)"q" 1_ I
HELICOPTER COMPANY suhiect to lhl_ rf'_.trl(llOn oll I1.' hlh, i),lq,.

I
I SUBSYSTEM NO. 19: DRIVE SYSTEM DYNAMICS

INPUTS :

,_ I A. Variables

t" Subsystem Block No. Symbol Units

T
_ I _ QL Lb -Ft

v. _S,_9 QRPT Lb- Ft

"_'J_I QLPT . eb-Ft
T

I Symbol Unitsii Slug "Ft2

I 6)RPTi ND --

I @INT 1 ND

l
9

: | ii
i

I

I

30!-099-001 A-10_

00000003-TS-A05



i_ BELL I IJ_f' or dl_¢ Ii)s.). ol d.)hJ ,;. Ihi_ I)drlv ,', 1HELICOPTER cOMPANY _.l)l('rt t() tl., r._tfl#hon .11 It.. till,. P'J'i' )

I EQUATIONS:

I Drive shaft angular acceleration,

FI (t)

| _ = _l )

I Fl(t) = "(QR + QL ) + 0RPTI (QRPT + QLPT )

I %. = _R0

01-099-001 A-IO0

00000003-TSA06
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BELL J LJ_,f!or (h_a I:l_m=. ol d,Jt,= rJn tit1,, p,Jq*" l', 1
HELICOPTER CoMPAnY *'Uble(t to the' t_,'.,tr,¢ h¢,n _m d_f- hut= Ijoq,.

i
.!

;_"-," I SUBSYSTEM NO. 20: STABILITY AND CONTROL AUGMENTATION SYSTEM

ZNPUTS=
_'_" A. Variables

i Subsystem Block No. Symbol Units

'- @ VT.' Ft/Sec

: ! _ U Ft/Sec

'i (_ _M Deg

,_ XLN In.

> l

*__ "_- XLT In.m_ m

- " _ ..... XpD ]_n_ _
-'_ r'

!, q Rad/Sec

I r Rad/Sec

i _ Rad

_ L

O Rad

_'_ I _ Rad

!!1
I

" B. SfiAS Gains and Time Constants |.

-- _ Kip [U, _M ], .....KIop[U , _M3 (Pitch Gains)

I Tip, T2p,_T3p , T4 P ................... (Pitch Time Constants)

' I Kiy [U, _M ],.....K5y [U, _M 3 (Yaw Gains)

Tiy, T2y, T3y , T4y (Yaw Time Constants)

I

i01-099-001 A-Ill

• --" I I ,,, _ -- " I I I I I .... _ Mnm_
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_1_ E3E_L.L. (Jc,i* (Jr (Jl',{ ]' .'_rP ()l {J'Jhl ()ll Ihl% Pd(JP z% ]
HELICOPTER CCIMPANY _tll)li'_l t. Ih. r, ,.trrfhr.I oil Ira, hlh, I),)(l_,

1
;x'

];: KIR [U, _M ],.....KIoR[U , _M ] (Roll Gains)

_!_!._I TIR' T2R' T3R (Roll Time Constants)

L "

I

I!|
'iSi

I
| "

l

• | "I

I
i _--

,°

i
301-099-001 A°ll2
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~

HELICOPTER coMPAI'_Y S.blr(I Io Ihr Ir'-,hi(hon hn Ihr h
...! _ =

,L

,,,,' J EQUATIONS :
|

_;j A. Pitch SCAS Electronics

_J '

PSCAS = q * K3p + ( + i) K2p

i + (_N XLNN) * + + + i)

.-_-- _ + PHOLD
=

/! (s is Laplace operator)

I,: I PHOLD = K5p * 157.3 * E)(t)- @REFD(t)} --

i! I +--Ksp * {-U(t) + UREFD(t._} + K9p * 57.3 * @(t)

t

ii I E)REFD(t) = f K4P {KbP * IFPH * [U(t) - UREF(t)]
J

_ + [I-IFPH(t)] * [57.3 * @(t) - eREFD(t)]} dt

| ]
@REFD(O) -- 57.3 * E)(O)

UREF(t ) = KTp * [I IFUH (t)] * [U(t) - UREF(t)] dt

I
UREF(0) = U(O)

I
PHOLD is the output from the pitch-attitude-hold and airspeed-hold circuits.

i and IFPH defined on page A-115.
IFUH

a_

t 301-099-001 A-If3

O0000003-TSAI0



BELL [J_lo (H (h',t h%LHe" ,,I d.ll,I 3! ":'" _,,', ,

HELICOPTER coMPaNY %iil)II'(I h) thr l l,',h i, Ii.n ,,h I:11 hi;,- i,,r.,

l
KIoP s

Kip

I _XLN'XLNN ) (STip +i) (T4p s +.-rT

I I _ _s_+_%+_ j

b" b' _ I

, '-t
REFERENCE I e REFD r [

_I" PITCH ANGLEKql _ Kgp_
I

: ON F
-C) = = PHOLD'

_I I_

URE F _

i _'

I KT.__P1
-. ON OFF SCAS ELECTRONICS PITCH CHANNEL

SPEED * SEE NOTE ON

HOLD PAGE A- 120

I _._
301-099-001 A-If4

......... . . , .. Ill

00000003-TSA11



i_ BELL ll,,_,nl d_',,l,,',hr,,,,ld,d,i,:, lh,' p,i, 1
HEI-ICOPTI'_R GoMr'ANy %llhlt'{l hl lilt r_'.hiihor, ,m ;i,, l,lh l .....

....... I

I IFPH = 0, If pitch-attitude-hold :i.s Off.

= i, If pitch-attitude-hold is Operative

I IFUH = 0, If airspeed-hold is Off.

i --'i, If airspeed-hold is Operative and i'fU _> [(12FL/_:_c

When the airspeed.hold, is tripped off due to U dropping below

I 102 FPS, it can be re-engaged only manually after the aircrafthas reached a new trim-point.

Pitch SCAS Parameters

_ KIp = Kip U * KIP_M

- K2p = K2p U * K2P_M

I
If IFUH- 0, K5p = K5PU0 * K5P_M 0

_-\ I

If IFUH = ], K5p --KSPUI * K5P_M I .!
14

I = *--K - "

Ksp KSPU 8P_M

- KgpU* Kg .
"

_" KI0 P : Kl0P_ M

i

, 301-099-001 A-I]5

. ,, r
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I IHI_LL ................

',qr

_".'_¢,A_".... _ * . K_y + (._'1' + + 1)

!,,, L. 2Y _<_Y

[ '_, '' 4Y KIy

_" I×_,_._" ×_:)_-,_<_,rly+ 1)<s_'_,+ 1)<_T3,_+ l)
¢ I ,,]+ YF,_[.D

_ IJ

O.... k where,
i,e-

I
' _'_" I _ max

_!':' YHOLD'= Ksy * {_REFD(t) - 57.3 * _(t)}

_: %EFD(t) =_ K4y * [i - IFYH(t)] * [57.3 _"¥(t) - _REFD(t)] dt

:_I
_. O

_"_ i _LREFD(O) = 57,3 * T(O)

_' I YHOLD is the output from the yaw-attitude-bold circuit.

I IFYH = O, If yaw_de-hold is Off ....

-- i, If yaw-attltude-hold is Operative. _,

Yaw SCAS Parameters

I K1Y = Kiy U * KIY_M ..

I K2Y = K2y U * K2Y_M ..

I K3Y --K3y U * K3Y_M

301-099-001 A-If6
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BELL .... , r '..., • , .... ,': , . ,.. ,HELIC:OPrER co_r._y ,,,jl,l,.,l t..,. ,, t. , , _., ,,. ,.,

--I --II (XpD - XpD N) KIy (ST4y+l __
(STiy +i)

I

r K2y -- (ST2y+l)_ST3y+l)

I
,7

+

!; K3y s YSCAS
I,-" (ST3y +i) ,

'" ]

I

YAW ANGLE

K4y _

S

 ,oT "| '

0 O. = ...!..I K5y i [.._i
I YAW . ,HOLD LIMITER

I SCAS ELECTRONICS
YAW CHANNEL -

I *See Note on page A-120 I "_"

I I _,
i_01-099-001 A-i

00000003-TSA14



i BELL

I-_'_°r d'"l(}'"r""fd"h'{'" 'h" P'"I"'" IHELICOPTER C;OMC'ANV J S.I),,(I Ill IIit _ rl,hJtl{JlOll (11} Jhl, IlJlq, iraqi,

.... I . i

_'i I If IFUH = 0, K5y____j/O_ K5Y_MO

i'::i!iI If IFUH = 1, K5y = K5YUI * K5Y_MI

Jt

i KloY = Kl0Y_ M

" |

' " Roll. SCAS Electronics

s K2RRSCAS = -p * K3R .+
(ST2R + I)(ST3R +-]-)

'' _ ( ) s KIR * K2R
'" _ + XLT - XLT N *
_ 1 " a " (sTIR + I)(ST2R + l)(Sr3R + i)

i I_ + RHOLD ......

where,

t [i L ]RHOLD = SIGN (RHOLD) * MIN RHOLD , RHOLDma x

[ _0L"D' = K5R* {@REFD(t)" 57'3 * _(t)}" K9R*-57"3 * #(t) I

t _i #REFD(t) = K4R * [i - IFRH(t)] * [57.3 * #(t') - @REFD(t) ] dt

° 1
I ¢REFD(O) = .5?.3 _' _(0) ' '

I RHOLD is the output from the roll-attltude-hold circuit.

I IFRH = O, If roll-attitude-hold is Off.

-- 1, If roll-attitude-hold is Operative.

i
i 301-099-001 A-If8
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_i:| I KgR
_ [;[

ROLL _'_- I-- LIMITER

i HOLD
i

*See Note on Page A-120

I -

A-If9
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I
q_ I_I:_LL. li_l' nl Ih_fl(,,,ul,, ,,I d,lhl '11 1i,,', I.t,,, '.HIE=L|COPTEf_ cOMpaNY '_llllp'(I lIJ lhl. l,;_Itl_h.II 'in lh_, hth I,,Jm"

Roll SCAS Parameters

KIR = KIR U * KIR_M .....

I
K2R = K2R U * K2P_M

I ....

' I K3R = K3RU * K3P_M
A

•_ K9R K9RU KqP_M

|-I''_ .

"i I If IFUH = 0, K5R = K5RUO K5R_M 0 ........

_' If-/FUH = i, K51t = K5RUI *

[_ I " K5R_MI

-!.i I K10R ; K10R

,, |
• ESAS = SIGN (P-_)* HIN ESASma x, ABS (P--_Y ,,

| "
ABS

RSAS = SIGN (R--_) * MIN RSASma x, _:

I ASAS = SIGN (AS-_) * MIN ASASma x, ABS (AS-_)

I *NOTE _ "-

i ATTITUDE/AIRSPEED HOLD SWITCH LOGIC
1. Turn all holds to off tf Mag brake release depressed

I 2. Turn pitch and airspeed holds Off if long stick is out of force detent.

3. Turn roll and yaw holds Off if Lat stick or pedal is out of force

I detent.

. _ 301-099-001 A-12u
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. t' '_eI:

i_ BELL U_,e 0' dl_,(Io',lJrt • of ddh| (_rl Ihl,, p,Jfi, r_HELICOPTER COMPANY _,ltl}Je{t i0 Ihl' I_'".H_{.tl{,l_ ()1_ IIit' hth' p,lq,

I OUTPUTS :

Subsystem Block No. Symbol Units

I RSAS Inch
, ASAS inch

.. |

I
J:

;;i |

'- |

i

!
! -
I

" I _,,_]-099- 001 A-121
... c .
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BELL tJ%e or dr, rlo,,uf+, hf datd +in Ihr, Imq" ,'.
HELICOPTER coMr_Nv _+tJl)Jn(l to ill(' ++'_,hv h.n +Jr+ tlh. tilt+, p,.l +.

n, ,,,

+

I
TABLE I - MODEL 301 CG AND INERTIA DATA

I
. DESIGN GW = 13000 Ibs

I Aft CG Fwd CG

secJ_m=0 301.2 29.1.7

I BEcalm= 0 0 0
$

+ WLcGI_,m o si.65 si.65

I IXXI _m = 0 42379 42379

I Zyyl#m= 0 14230 14351

i _zzi_--o _++++++ 4,+++o
!
I and water

ballast (aft tanks

15000 / on_.y )

"'_/__+Fixedand water ]

_i_ lhO00 l " .:///<x+. <_ ×/.. +/./:

+, ++ooo / _ ,,,,+.,.,,,,,._.,,.+_+,
. +, I i_- j...4 , /

--p---- / Io nooo . , ,I ,
'1 ,_ I 2 I I '+

,,_ _ I / 1 ;

++,_ooo t ', I _ ,'-
I /.- ' ' '\Airplane _, I

_ limits i i 'i0000 ; ._ ,

I I Hell£copter I i

i :1 . | limits ., ; -JI l wheels up _ # IIi +

.,_,...,,_ 9000 / _ Helicopter_- Limit s I]

I ' I | "wheeLs down /
I

/ , I I I,8000

287 289 291 293 295 297 299 301

i Fuselage station, inches

I
01-099-001 B-2
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(_ BELL [J_e nr (h%_lo_,.rP _1( d,_ld ,;l_ th,', 61,.,,' ,'.HELICOPTER E_E_/_P&Ny _,(ll)ll,(I h) th(, ea.,.,tr.hor_ _,e_ ft.. t,lh. p,t,,,.
IL

TABLE II-AIRCRAFT DESIGN DATA

1
M301

I ITEM SYMBOL VALUE

I Fuselage

I SL F 293.0 ]n.
Center of pressure BLF 0.0 In.• ! WL F 84.0 In.

.... i Wing-Pylon

I SLWP 291.17 In.

r i
-% _Wewp 95.85I_,
_ _ • Area SW 181.0 Ft2

Span bW 32.17 Ft.

Chord -- cW 5.225 Ft.B

• B _ Sweep Ac/4W -6.5 Deg.

- Aspect Ratio ARW _ 5.7

I Trailing Edge SLwT E

I Horizontal Stabilizer

I SLH 560.0.........In. ,I Center of pressure BLH 0.0 In. p
WL H 103.0 In. 2

Area SH 50.25_Et ....

Span bH 12.83 Ft.

Chord CH 3.92 Ft.

i Leading Edge SLHL E 548.25 In.

i Vertical Stabilizer

I SLV 570.02 In. .- .i Center of pressure BLV 77.0 In.
WLV 115.69 In....

Number o£ Panels 2.

i Area (Per Panel) SV 25.25 Ft

2

'

301-099-001 B-3

| n n n - • II
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OPTER coMPaNY - sul)l(,(l 10 Ihf' H,,dll,'b(l(! _111lib' hlh' l)(l(I_'

t
M301

m ITEM SYMBOL VALUE

I Vertical Stabilizer (Continued)
Span bV 7,68 Ft. ,

Chord cV 3.725 Ft.

I Leading Edge SLVL E 555.1 In.

i!_ I Rotors
_

I SLsp 300.0 In.--_i Loc_t_on_nf_Shaft Pivot Point BLsp 193.0 In.
D' WLsp i00.0 In.

I Number of Blades Per Rotor nb 3
-- Radius R 12.5 Ft.

__ I _or_ o__ ,.,__." !fill Mast Length _M 4.667 Ft.

_ __: i Pitch-Flap Coupling 63 -_.0 Deg.o o 00Lock Number _ 3.83

_i Direction of Rotation

_" -inboar& tip motion-helicopter/airplane Aft/Up

_ _ Rotor RPM
m

Helicopter 565 RPM

' Conversion 565 RPM

! ,Airplane 458 RPM •

Blade Flapping Limits _12 Deg. ;_,.

I Flapping Inertia per Blade I b 102.5 Slug -Fro2

Flapping Spring Rate/Rotor KFA/,KLA T 225.0 Ft-Lb/Deg. _,_

i Blade Twist Distribution: XM_ eM

_" XMO _ eM 0 1.0_ 0.0

I XMI, @M 1 0.6pi0.2

XM2 , eM 2 0.5333, 12.3

I XM3' @M3 0.4bb7, !4.5 _-

I XM4_ _M4 0.4000, 17.75

I 301"099-001 B-4
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II _ BELL I I1'.,i, or ih_,r I,l',llra' ,,t rl,ll,a ,.. I1.., p,lh, , 1
HELICOPTER uoMP^_v .,llbll.tl Io Ihl, r0._h. Imr_ _Jrl Ill. tdh. p,l,!,"

I M301

ITEM SYMBOL VALUE

I
Rotors (Continued)

I
XM5 _ @M5 0.3333, 21.90 '

I XM6P eM6 0.2667, 26.15

XM7 , 8M7 0.2000, 30.65

I XM8' @M8 0.1333, 34.65

-_'_ I XM9' @M9 0.0667, 38.00

XMI0,@MI0 0.C , 40.90

I Angle of outboard tilt of mast axis

i Helicopter @M 1,0. Deg.Airplane 0 Deg.

Conversion range _M -5 to + 90 Deg

[

_t" {SLp 291.71n.
$_ Center of Gravity BLp 193.0 In.

.+_ [ WLp 118.0 In.
Weight (Two pylons) Wp 3986 Lbs. ':'

i_ IX 81.4 Slug'Ft. 2

l p_
Inertia (Per pylon) Iy 431.0 Slug-Ft.2" "_j

; IZ 380.0 Slug-Ft. 2 f

I Landin$ Gear ,_

I I SLMG 324.0 In. _._'
Main Gear Coordinates 1 BLMG 54,75 In. _'

kWLMG 7.40 In.

I Nose Gear Coordinates SLNG 139.0 In.

BLNG 0.0 In.

i WLNG 4.95 In, ._..--

*The builtin dihedral of the pylon is 2.5 degrees; in hover elastic deformation

I '_ r(duces the uihedral to 1.0 degree. 0° was erroneously used during Phase Isimulation.

?:_I-009-00] B-5

1
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I '1

BELL _ tJc,i , ol dn,., Ir+'.njpo* IjI {hit,I r;n thl,. II,Jc;l' +', |
HELICOPTER c(.$MPn%NY J %iil)IPLI IcJ Ih,' rt,_ll I{llol/ (_l; th,. hlh. p,lq, /

Item Symbol M301 Value

i Pilot Control Limits

Collective Stick XCO L 12,0 In.

I Longitudinal Stick XLN _-4.8 In.

La+teral Stick XLT +-4.8 In.

I Pedal XpD +-2.5 In+

I Blade Pitch Governor Lever 7.5 In.

,. +. SCAS Actuator Limits

Longitudinal ESAS i.54 In.max

Latera i.... ASASma x

0.8 In.
_i_i Peda I RSASma x

+i Pitch Attitude Hold PHOLD 0.77 In._. max
0.4 In.

Yaw Attitude Hold YHOLDma x

.+!i i Roll Attitude Hold RHOLD 0.77 In.
max

Engine Ratings .

+ 2 Min. Contingcncy 1,760 HP ..... _.

i0 Min. Takeoff 1550 HP
L

 +o0+
Normal Rated 1250 HP

!

_-- Pilot Station Coordinates

SLpA 215.25 In.

Pilot Station BLpA 17.00 In. "-

WLpA 50._5 In .....

301-099-001 B-6
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BELL I II%t, o! dl ,( I,,_=:h ,I :l,lld ,,h If, ;,,r,, ]
HELICOPTER CO,_PANV %llhJl!(l 11] IIH' f,"h'rh',l] ",h II, t,lh ..,.,

i i
SUBSYSTEM NO. i' MODEL 301 ROTOR AERODYNAMIC DATA

I
-_ Equation Constant M301 Value

I aR, L a0 5.88

aI 9.20

I a2 20.0

I
Cd 6 0.002

fL_R 0

;.I 6 1 -.01

. 62 0.50

=_ Q3R,L B 0.97I
:_ T-R,e 0_'- f(l_) I_ C_

_'_.I'I I 0 .0140
" _,_,_ ._057 .014.0__

i" . .114 _ _ .0144

_ I .171 .0138
.228 .0132

I .285 .0127 _

.342 .0125

I 9399 .0]23 _"I

.450 .0122 '

I . I_ ! i*

L QR, " "4, , L Xss f(_) 0 .04 .08 .12 16 20

I o I -',
cn -.04 t '

I _
- .08 -

I
I 30'] -09g-OOl B-::

....... ii
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I_l_LL IJ_,P or dl'.J 1{3_EJ;¢'Of Ihltd r,fl thL', IJdrjv i'_HELICOF_'TER 6_t._F*A_IY ¢,_JhlH't tO [hP fl'_lflll.Jl/ _n thv IIth' II,_cl_'

'h_r. i Equation Constant M301 Value

__, Blade Twist See Tabl.e II

_.,_ _ Constants Kij m Xmi' emi

"" I TD3 _ 0,268
_, y' Ib 102.7 Slug-Ft

? _ CKFAR KFA
9'

L I KLT 225 Ft-Lb/Deg
,,. .... CKLTR

_. ,,?

" |

|
i

I
" |

!
,,o

! '
';_ if

I
| .-

I 301-099-001 B-8
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f

(I_ BELL | Jill" OI (I,',(I,l',.r_, ,,[ ibltll r,h l_,J', li,Iq, I k /
I=_ELICOP'rE_ cOMPANY J _.hlP_l I,, lh,. r_.,,ll_, h,,h ,,11 Illl hll_. ij,Jh_. /

SUBSYSTEM NO. 2: MODEL 301 AERODYNAMIC DATA

J Equa tion Cons !ant M30 ]_V,_]ue

J w_l_lw Ko _._K I 0

I K2 _

K3

K4_

'_ I wl_,__ _o -._
| hI _58

h2 .5967

I h3 .002547

h4 -2. 2519

I .

I

I

i

I
301-099-001 B-9
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BELL (J%t. lit Lh_.*Ir_'_.f.. ,,I _,t,L , r_ t!,,', _,,_,.,HELICOPTER co_PA_ '-,LIbi(,tt t(. tfl=. r,._tr,_' r .r= IJ,. hit, ;).1.,,
........ i =J ,. .

SUBSYSTEM NO. 3: MODEL 301 FUSELAGE AERODYNAMIC DATA

Mq,,le] 301.Equa tion Cons tan t _._a].uc.

I LF LO 7,23

LI 0 .,.90.5_

I DF DO 1.56 .............................

DI 0.

|
D2 0.036 For

Flaps Up

_'"_:' I Otherwise = 0
g

D3 0.0025

. D4 125.

MF M0 -146.6

:}, MI 17.8 (_F < 8° )
.a.

_ J
,_': M -f (_F) (Table F-l)

_'_: YI - i.44n
,. m Y2 0.

I 1;, lo o. ,_
J

iI -7.5

I '' NO 0. pNF

NI -23.5
2'

I
I
I

301-099-001 B-IO



BELL JJ%i, ol fll%l Ill%Jill + fJr ildl,i , li II, ,,J,lt. i <,HELIGOPTI_'_.'Ii_ _,I_IMPAN_" %ill)li'(I h) Illl. ll.',llllll,,ll ,,ll llJ lilh. ll.iq_.

i

.I
!

_t n

TABLE FI FUSELAGE PITCHING MOMENT COEFFICIENT (M_)

|
_ F Moc

"' l -40 -282

;_ -36 --282

_' I_
_' -32 -282,' "t,

>'_ +) -28 -28/

7 _ -24 -282
il -20 -282

-16 -282

i[ _ -_o
L
?

_,' -8 -287

i. -4 -217

! 0 - 146

!7
i 8 -11.3 ,

>

[ 12 -56.5 , i_16 -94.1 .....

20 -i12.9 I

24 112.9

28 -103.5 '_

i _ _ _
-- _ 36 -75.3

I 40 -94.1

I

I 30]-049-001 B-II
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4b

i'

I

_' HELICOPTER _QMPANY _"1)11'(1{[_ I{__' (l{'_IrI{Iih{_ .11_lb. hlh. p,lq,

I
'%' SUBSYSTEM NO. 4: MODEL 301 WING-PYLON AERODYNAMIC DATA

_,_ I Equation Constant M301 Value,

_i_ I LiWPL 5

i

! I LWp

.::/_. LWp. CL6 = f(Fx) Table A III

i a

I DiWPL 5

!L''I DiWPR CDwp = fc_'FW C_W _M' FX' MN

'i i: MOwp CM = f(Fx) +0.051 FI( 010 )
" I Owe -0.057 - F2(40/25)

I -0.36 - F3(75/47) .-i

"_:II _os5 -_4(-28/'17"5):_

_' I a%/W xRIW= f(_M) _M ;_
_: 00 30 60 90

.Q5

':'_ I .15

"_ a_W/ROT N/ROT ----f(_)

I 0 .04 .08 .12 .160 -._
r

,%

I .08 !

I 301-099-001 B-12
W
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• •,1

t_ BELL I IJ('P of (ll%{Ic)%llr(, l,I d,ll,I ,,1= Ihl, p,lilt i, I
HELICOPTER GOMPANY %lll})e(.l I(] lhl, l(.%[l [{ lion ,_11 |l_l. lllh. ira(j).

i i , •

i
Equation Constant M301 Value

I 0
' Cy_ 1YWP MN__ 0

I
__I o

: I __;o

r MN=0 0

I
_ !"""' l'wp CI_I --"f(Fx' _F' _M ) Table W VI

%';_ i CL = 0 "--

I = f(Fx' _F) _M ) Table W VII

' %p N =o
I

_ C I - .774 _

I pCL= 0_=o

<" I ._I*• I 0.27
Cl__!..r

i I
CIWp _| _--o

' I oor ....

t" _)) _o< 5F

! _

I

I
[

301-099-001 B-13
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,

@ _EL-L.. J)_,l, or (Jl%C_Lo,........ l dr)ld f,II JIH% I),ltj,. i% JHELICOPTER comPAN', SUblP(.I 10 Jhc, il,'_Jf i( hilh t)fl tl_' fish' ImqB' I
_J.

Equation Constant M301 Value

' °| c2%P % =o

r --.016

_, | CDOWp -

_ I _ _6a---"f(O_W, ,M, Fx) Taole All

a _W < 8°

, C

NWp np -. 06

,]

i KnOsa = f(Fx' _M ) Table A IV

K = f(Fx, _M ) Table A IV

I n8a

[ :

301-099-001 B-14
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BELL U'_, or IllS, ttl_..tf. 61 IhJtd ,;rl ILL,,, Ildri,. I'. [HELICOPTER CoMpANY _.llhl._tIo ltwr,-,tr,_tmrl.ll tm hll_p.lq,I
i

'_i:. I TABLE WI WING-PYLON-LIFT COEFFICIENT (CLwP)

I FLAP SETTING (FX) (0/0)
}/ MAST ANGLE (_M) AIRPLANE (90_) HELICOPTER (0°)

_' MACH NUMBER (MN) 0-_2 ,4 .5 ,6 0-.4.
_t

, F W/_W,r

%,. -40 -.93 .... -.b8

_' -36 -,84 -,58

_ -32 -,84 Not -,57

'".' -28 -,89 Defined Not I -.62
'-; -24 -1.00 Defined Not -,72

" _ I -20 -I.15 -•84 Defined -.88

• I I-19,5 -i,15 -,SO I -,88

i -16 -,95 -,9_ -.625 -.49 -,73

_ I -15,5 -,91 -,945 -,bSO -.49 -,70

l, m -13.0 -.75 -.85 -.805 -.50 -.57

I -12 - 07 -- 772 - 800 - 50 - 50

. • • • e-ii -.60 - . f_.8 -,795 -.50 -,45

_ -8 -.383 -418 -.445 -.46 -.272

-4 -,0625 -.075 -,094 -,i0_ -,045II

i 0 ,257 ,200 •272 ,290 ,183
ii

_ 4 ,577 ,610 .b30 ,690 ,412

I '_J 8 ,88 ,960 1,00 ,925 ,640

ii i,i0 I•23 i,I0 ,945 ,800

12 1,19 1,28 i,_9 ,940 ,870 t

| ".13 1.20 1.29 J .930

1O 1,48 1,23 1,095

17 1.5o Not 1.100
--"" 20 1,38 Not Defined ,98

I 24 1,22 Not Defined ,80
i

i
28 i•20 Defined ,78

I 32 1.27 .80
3O 1.40 i .98 -

I 40 1.40 [ 1.oo

301-099-001 B-15
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HELICOPTER colvipAN_,. _.hlt.{t t,. Iri,, ,,..t,.I r _ . ,

TABLE WII WING-PYLON LIFT COEFFICIENT (CLwP)

_LAP SETTING (F>;) F_ (40/25)u F_ (75/47)o F4 o("28/'17' 5)0

i MAST ANGLE (_M) 90 0 90 0 90 0

btACH NUMBER (MN) L_M"= 0 - .40

• 1
-90 0 0 0 0

I -80 -.325 -.2-45 -.235 -.190
-70 -.520 -.400 -.385 -.305

#

I -b0 -.610 -.480 -.450 -.333-50 -.590 -.420 -.390 -.220

"" -40 -.410 -.265 -.240 -.i05 -i.17 -.90

I -36 -.400 -.250 -.220 -,090 -i.08 -.81

" -32 -.425 -.260 -.240 -.095 -1.06 -.805

-28 -.515 -.300 -.275 -.120 --i.ii -.85_

-24 -.660 -.380 -.340__-.150 -1.21 -.945

+ ._. -21.5_ -.690 -.440 -.400 -.210 -1.31 -i.03

!i_.' -21.0 -.680 -.440 -.400 -.210 -1.33 -1.06
t I -20 -.640 - 395 -.367 -.188 -1.37 -i.i0

i;:%, n o

ii -19.2 -.580 -.360 -.310 -.140 -1.38 -1.12-16 -.320 -.165 -.048 .040 -1.23 -.95
m

_ I -12 0 .0628 .272 .268 -.95 -.73

_i II -8 .320 .291 .591 .496 -.68 -.502
I -4 .__4 .581 .910 .724 -.3843 -.275

.... 0 .96 .749 1.237 .952 -.0643 -.0460 !

'_" I 4 1.24 .975 1.460 1.170 .2557 .182 .,

8 1.49 1.205 1.680 1.390 .5757 .408
?

I ii.0 i._)8 I_3_0 1.80 1.50 ._'70 .5_0

I 12 1.75 1.433 1.79 1.47 .840 .638 ,
t

13.6 1.80 1.500 1.71 1.39 .950 .730

16 1.70 1.400._ 1.60 1.24 i.I0 .864 _

--_ 18.4 1.56 1.260 1.49 1.10 1.20 .950

I 20 1.51 1.200 1.46 1.14 1.15 .890
24 1.48 i.15 1.46 i.16 .93 .680 ..

I 28 1.48 1.20 1.54 1.29 .87 .630
32 1.69 1.32 i.' ' 1.38 .91 .6%0 --

I 36 1.76 1.41 1.78 1.44 1.05 .80
40 1.80 1.47 1.80 1.48 1.14 .=k9

I 301-09_-001 B-16
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,0 I 1BELL II%. ,,r r11%,I,_%.ff. , f el,lid ,I, tr i,.J',' ,"

HELICOPTER co_pA_ _.hp'f.I t,, Ill,' rf.'lt,_t!,,i , r, IF,, 1,lit (j,ll.,.

'L

_:" TABLE Will WING-PYLON D_G COEFFICIENT (CD_)

,'_i_ !FLAP SETTING (Fx) FI (0/0)

:L_ I _ST ANGLe--(_M) 900 0o "--

,, <N)

::i, | %1w/,%.'_, -40 .575 .685

_. -36 .505N()_ .635

_I_ II -32 .425 Defin_ Not ! .580

_ -28 .327 Defined Not _5_22

_4 .230 .312 Defined .450

B- " -20 .150 .175 .225 .3_

.04 o0,0
• _- _ -8 .025 .0250 .025 .052 219

[• _

-- _ -4 .0170 .0170 .01_0 .040 .2i2

_! 0.0_0,0_0o0_00_0._
B .0602 .0602 .0700 .!150 .262

_.. L_.___ 12 .i000 .ii00 ,1500 .2500 .300

16 .1620 .... !850 .2800 ! .354

| 20 .247 ,3050 .436

," 24 .354 .500 Not .512 _. ,_

I [28 .493 Not Defined .580

32 .600 N t Defined .642 ...... "_

I 36 .660 Defined } ,698

40 .705 .748

1 "

I ,

! ,,",l.-_q _-,',_,[ B- I._

' ' - - " | I I I I II I _ -- I I _,L"_'_I
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BELL If_,, o[ (h%l h)%Hrl' or {hlJ_l (_11 _hl% i%
i_,ur,.

HELICOPTER comPANY suhlett |19 _lil, re%Ill( lib{1 (,f} Jhl" hth-[),l(it.

TABLE WIV WING-PYLON COEFFICIENT (CDwP)

- I FLAP SETTING (Fx) [2 (40/25) F_(75/47) F4 (-28/-17.5)
}_ST ANGLE (_M) 90u 0u 90 0° 90u 0u

i }_CH NUMBER (N), MN = 0 - .4%lw/ w
-90 1.18 .93 1.145 .90

I -80 I.i0 .91 1.050 .8.28

-70 ,93 .855 .89 .822

i -60 .705 •775 .67 .740

-50 •565 .665 .507 .640
?

i . .

,Jr -_0 •430 .540 ..450 ,550 .622 ,734

I -36 .335 .468 .400 .525 .506 .682

' i I -32 •245 .405 .350 ,500 .50B__ .632

_i -28 ,180 ,352 .309 ,480 ,430 ,575
-24 ,130 ,310 ,278 ,462 ,3__45. ,5/)2

.! -20 •090 .282 .260 .450 .255 .422

-12 •058 .253 .246 .445" .130 .298
_',

-8 ,063 ,254 ,261 .464 ,086 ,267

_: -4 •081 .282 .288 .494 .055 .248

0 .109 _313 .328 .536 .,0-4.7 .239

!_ _ 4 ,148 •356 ,378 ,590 ,0471 ,243
| 8 •200..... 410 ,444 ,658 •0653 ,258 .:

. 12 ,.225 ,_490 ,530 ,728 ,0950 ,284 _ _

16 •380 .566 .-6-42 .789 .138 .332

20 •528 ,6_30 ,730 ,839 ,195 ,402

i 24 ,630 690 790 880 287 476. • . . •

28 ,710 ,748 ,838 ,920 ,414 ,540

i 32 ,764 ,.800 ._883 .955 ,510 ,600
36 ,805 ,845 ,950 ,985 ,583 ,648 _

I 40 .865 .888 1.025 1.015 .640 •095 I

I _ i

I - :7_) - O01 B- 18

i I I " I I ill I I I I I II L - " I III i -
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BELL I lisp or III_,(10",uIP,1(d,ttd(J(IIhj% I)dfl,,1', ]
HELICCtPTER compaNY I sul)lPd I0 tiN' r,,%l/I(.lllli_ _ll] (h,' htl,. pdtJt. II,

TABLE WV WING WAKE DEFLECTION on HORIZONTAL STABILIZER (¢W/H)F

i MACH NUMBER (MR) MN = 0 - .2
FLAP SETTING (FX) FI(O/O) F2(40/25) IF_(,75/47) F_f(-28/-17.5)

NI_

L
I AIRPLANE "MODE <_M = 90_ )

.j_ -90 0 0 0 0

:" I -25.0 0 0 0 0
ml

-17.94 0 0 2.40 0

¢ • -8.82 0 2.00 5.48 0

_ • -2 353 1.92 4.38 7.70 0

_i 0.0 2..52 5.25 8.50 .800

_" !.... 12 6.00 9.90 12.58 4.88

- 13.8 6.50 --10.75 i2.80 5.7011

- 16..5 7.40 11.40 12. i0 6.40

• 18.8 7.20 10.60 Ii.i0 6.80

1 20 6.7 i0.00 10.40 6.__55

I 24 4.20 6.50 7. i0 4.00
28 O O 0 0

i 40 0 0 0 0

_ HELICOPTER MODE (_M = O° )

,, o o o o
-28.65 0 0 O 0

:'* | -22.15 0 0 0 0 ;

| -17.8 0 0 0 0
-15.5 0 0 0 0 :',v

| ""12.41 0 1.2 2.0 0 _}

-7.6 0 3.2 3.75 0 *_

I -2.9-4______ 2.0 5.0 5,4 0
----." 0.0 3.1 6. 15 6.3. 1.00

I 8 6.3 9.25 9.2 3.72
12 7.8 ii.00 10.7 5.08

13.0 8.30 11.40 ii.0 5.40. .

I 14.8 9.00 11.95 11.5 6.00 .._

16.0 9.6 11.90 11.4 6.44

I ....

301-099-001 B-19
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PTII_f:_ GOMPA_Y %tIbIa'r| IO (hI* Td'_Ill(ll[d% IJII IIlu hlh. I.IrP.

I TABLE WV WING WAKE DEFLECT-ION ON HORIZONTAL STABILIZER (/:ON*N)

, FI(O/O ) F4(40/25) F3 (75/47-) F4(-28/- 17.5)

I %
r'- HELICOPTER MODE (CON'T)

/ 18.0 i0.00 ii. 20 Ii.2__ 7.00

.' 20 9.30 10.20 B 10.20 6.70

24 6.00 6.80 6.80 4.20.

• . 28-40 0 0 0 0

% ,¢'

f
| ,

:" | ,: !
IL

i !
-,it

!
!

I .
t 301-099-001 B-20
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i

_ r _ BELL J IILI. or lh,( i_)_.r(l ,_r (hd.i lh,. i),,l,, r 1....

/

TABLE W VI - WING-PYLON DIHEDRAL STABII,ITY

l _ 0 {CI_ ICL = O IPER RAD.

_ r.'_'_ _ AT CIW P _WP[M N = 0

_,_ I FLAP FI(0/0)&F4(-28/-17.5 l) F2 (40/25) F:, (75/47)
SIDESLIP/__F/ 0 5 I0 0 5 I0 0 5 - i0

0 -.06 -.065 +.045 -.2 -.094 -.045 -.223 -.015 -.125

30 -.032- -.061 -.02 -.079 -.074 -.147 -.085 -.087 -.2.25

I 60 -.021 -.051 -.052 .067 -.052 -.148 -.008 -.088 -.222

90 -.025 -.025 -.035 -.ii -.025 -.025 +.033 -.04_ -.08

I

i'

_ (_ _' 'l TABLE W VII - WING-PYLON DIHEDRAL STABILITY

ii /c]AFUNCTIONOFWINGLOADING[Cl_: _p

I; FLAP FI(O/0)&F4(-28/-17.5) F2 (40/25) F3 (75/47)

_,, SInESLIP/_F/ 0 5 i0 0 5 i0 0 5 10

I SM
0 0 0 0 +.105 +.013 +.035 +.104 -.045 +.ii0

I 30 +.049 +,079 -.016 +.069 +.062 +.062 +.049 +.047 +. 107

60 +.039 +.071 -.018 _+.032 +.061 +.058 -.013 +.055 +.082

I 90 -.065 -.065 0 0 -.085 -.065 -.043 -.045 0

I
301-099-001 B-21
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(_ BELL II,,f' or da..i Im..r. _ r,I d,lt,J ,In Illl,. _)l_jll [_HELICOPTER ¢:;QMr'A_" _,.hlt.(I In Ill(. PP_.hIChhll _,11 Iht' hlh. p,,,.

''/ _ .....

TABLE_AI_AILERON_EFEECTIVENESS (C16a)

;*' I

C = .005/deg _W <80

I 16a
Where 6a = (61-6r)/2

I for 6F = '0/0; (FI)

_M = 900 ; (Airplane)

I
_--L TABLE All AILERON EFFECTIVENESS CORRECTION

I FOR FLAP AND MAST (El6) FOR _W<ISO[

a*- _ Flap Mast (i)

• _% Setting Angle Kl6a

.... F 0° .68
_ 90° 1.00

o F2. 0° .66I 90° .73
_. - F3 0° .45

i 90° .34

_ I F4 0° .67

90° .90i
_ =O @ _W-- -+25° )i/ (K16a _

(i) Straight Line Variation with Mast Angle "_

' I TABLE AIII AILERON EFFECT ON WING LIFT (CL6 a) ,,.

I ' '_tFlap Mast CL6 a
•- _,m Setting Angle (per Deg)

I FI All 0

F2 All 0

n F3 All 0

F4 All 0

I ...... P=

I 301-099-001 B-22

•...... _=i_L
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i_ BELL lisp _ Il (Ji_I llJStltl, i+l (hll,l ('Ix (Ill t, Ira,j,. r+, 1
HELICOPTER CQ_PAP_Y +l+l)/PcI ll) lhe _Pslrlt.hOl+ Ol) Ih+. hH,. ira+i+. I

I TABLE AIV AILERON YAW )
(Cnsa

. I Cn6a = Kn°sa + CL, Kn6a Cl6a

I Where: .

+:" Flap Mast K ' K'

+':,i',+,+ I Setting Angle nCba nba

_ 0 O
,:_ F 1 .. . ,0004b -•0348 ""

'" I 300
': •00092 -.0354

',, 90° .00143 -.0238

_" I F2 0° .00046 -•0137"i' 30° .00109 -•0052

. ,,, 90° 00103 - 0137

_ _ . F3 0°_i"'! -,00003 -,0232

+I1 .ooo ..oo o90° .00029 -.0157
¢

"_' F4 0° 0 -.0205

i' I_' 30° 0 - 0301

i': 90° 0 -.0215

|. ""
(,

,_'

,_,

I
!

I .
! 301-099-001 B-23
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", _ BELL IJ_o _31 fll_,t ll,_lj_l, d iLihl ,,_l Ihl, Ii,Jq, , llHELdgOPTER ¢::;_._MPAI'_"v' ,,iJhl(,ql |l, Ihl' ll",lllilll,II t,II Ih," Ilth-[iaqt

,, o

SUBSYSTEM NO. 5; MODEL 301 HORIZONTAL TAIL AERODYNAMIC DATA

:: I Equations Constant M30] Value

%[L T 0,0 for MN < ].0I °
(For lift) 0.565 for My > 1.0

I
_ T 0.565,.. HD e

I (For drag)

FThe effect is inc

I qH _ I_H i Lin calculating _W/H
/%

_! LH : f(_H,6e,MN) Tables Hl, Hll

I CLH

I CLH_ -.0017

DH =
CDH f(o_El, MN) Table H IV.

_..

,, MH CMH f(_H' _' ) 0

!il,:, (_ K -- f MN) Table H III_',_,_ H e (6e' -

I

/

I
I

.!

I
i_ B- 4

i 301-099-001

i
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......... : ,_ I_

{_ BELl.. I ll_(' or lh.,tlt)_.r..I d,dd ,.rl ll,v P'"i" v, ]
HELICOPTER c_oMPANy [ S.hlf')l It) lh(, rt._ll.h.l) ,,I_ If.. hll,. p,l,n-....... I

,7 I TABLE H£ HORIZONTAL STABII,IZER LIFT.COEFFICIENT (CLII)
ELEVATOR ANGL_ 0° i00 15° 20° - i00 -i5° -20 ('

,,

_H

i -90 0 0 0 0 0 0 0

=80 -.425 =,560 =.580 -.600 =,360 -.285 =,2"20

I -70 -.720 =.865 -.890 =.920 =.600 =.490 =.380
-60 -,900 -I,060 =i,090 =i,120 -,770 -,640 -,510

I -50 -i,002 -1,175 -1,205 -1,240 -.890 -,745 -,600-40 -1,050. =1,240 -1,260 -1,300 -,960 -,800 -,640

-36 -1,030 -L 230 -1,255 -1.290 -,890 -,735 -,600m

I -28 =i.010 -1.210 =1.240 -1.280 -.840 -.680 -.560
#

-24 -,980 -1,185 -i,220 -h 260 -,780 -,615 -,500

_i _ i -20 -.930 -I.160 -I.198 -1.235 -.590 -.500 -.4_0
S

iq L_}. , -18.4 -.920 -i.200 -i.210 -1.240 -.660 -.540 =.480,.. -17.5 -.930 -1.260 -1,250 -_.250 -.710 -.565 -.45o
| -16.8 -.990 -1.310-1.290-1.310 -.740 -.550 -.420

_' I -16.0 -1.12 "1.40 = i. 33_. =1.330 -.710 =.510 =.380

a -15.6 -1.4 -1.380-1._.uo-.700 -.480 -.350
'; "14.2 "i.01 "1.40 "1.55 --1.450 --.610 ".400 ".270

_ -12 -.8_52 -1.260 -1.59 =.444 -.240 -.ii0
=1.464

I 8 ,568 ,160 =,044 -,18 .976 1,180 1,330 .

_: 12.0 .850 .442 .240 .i00 1.250 1.420 1.500 :

I 12.2 860 450 260 120 1.270 1.430 1.480

13.0 .920 ,520 .330 _170 1.30 1.370 1.450 _

I 15.0 1.0 .650 .450 .290 1.200 1.270 1.360
16.0 .98 .690 .475 .320 1.160 1.240 1.320 "i

16,8 ,94 ,700 ,490 ,340 1,150 1,200 1,320 !

18,0 ,89 ,680 ,500 .370 1,130 1,220 1,340 _

20 ,88 ,600 ,465 ,380 1,180 1,280 1,380

24 .935 .660 .455 .330 1.300 1.380 1.440

28 1.00 .730 .500 .380 1.370 1.440 1.500

I 32 1.05 .780 ,540 .400 1.430 1,490 1,540
W

• 36 1,08 ,820 ,560 ,410 1,470 1,535 1,570 -

i t 40 1,10 ,840 ,570 ,4[0 1,510 1,560 1,590

I 1 301-099-001 B-25
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u_'_'_ L'L I []%p Nf (11%c IO%IFlll OI fhlld _.fl Ibm, ].),_t, l, 1
HELICOPTER COMPANy ',tJI)_'_lto fh_. r_._.hif Ii.li ,ill Ihl. hth. ]l,.l,

TABLE
HII HORIZONTAl, STABILIZER LIFT COEFFICIENT (ELl.i)

ELEVATOP• ANGLE b = 0°

MACH NUMBER
(MN) 0 - .2 •4 .5. •6

! o
-20 .930 _ot _ot '- Not

I -16 -i.12 Defined Defined DefinedI
-, -12.2- -.870 -.92

n -12.0 -.852 -.92-8.8 -.630 -.680 -.72

n 80 -..568 -•620_ -.660 -.50

| . ". -. _f%-6 5 460 5 _ -.540 -.55

-4.0 -.284 -. 310 -.330 -.350

-.|
0 0 0 0 0

4.0 .284 .310 .330 .350

I 4.2 310 330 340 390
e

8.0 .568 •620 •600 •440

I 16.5 .820 .800 .570
II

12.0 .850 .798 .560 Not
I I

I 15.5 1.00 Not Not- ne[ined

16.0 ,980 Defined Defined

I 20.0 .880
P

t_

I TABLE Hill EFFECTIVENESS (Te/_ r)
ELEVATOR/RUDDER

CORRECTED FOR MACH NO. AND DEFLELTION EFFECTS

I ELEVATOR MACH i ""
ANGLE - DEG NUMBER Ke OR Kr I_

I "±15° 0-.2 1.0 _., .
--& .4 .965

I .5 .950.6 .930

-+15° 0-. 2 1 9

I +20 ° .920
..p <__.

I 301-099-001 B-26
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HELICOPTER COMPANY suhJl,(l to 11 ,. r..,h ,, h,, '.n tin, t,li_, p,.,

_ i i

_ TABLE HIV HORIZONTAL STABILIZER DRAC COEFFICIENT f_CDII)

_i ELEVATOR ANGLE 6 = 0°

_ MACH NUMBER (MN) 0-.2 .4 .5 .6

| %-90 .92

-80 .91

I -70 .87

-60 .81 NOT

I -50 .72 DEFINED NOT
, -40 .60 DEFINED NOT

-_ i -36 .54 i DEFINEDI -3_ .47_

I -"24 .30

_,_ _" -20 .2o
I

• _' -12 .o68 .o6s .o88

-8 .035 .035 .035 .045
_, -_ .015 .Okl .015 .QI5__

_ I 0 .00875 .00875 .0C875 .00875

4 .015 .015 .015 .015

_'" i 8 .035 .035 .045 .065 r_ 12 .068 .075 .i05

_ 16 .115_ .145

20 .20 , ! NOT
> [ 24 .34 NOT DEFINED i

| i28 .48 NOT DEFINED I i

32 .61 DEFINED

" I 36 .72 ]
_ ..,_. 40 .80

I _ I

h

301-099-001 B-2 '
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i_ BELL IJ',v¢)r IIP,_l._..f=' ,JI _.fl,=,,it ll=l,, p,=(p.I',HELICOPTER cOMPANY ',,blP*'l 10 Ihl' rv',h, hlJll fill II1,,hlh. I}dql'

=

t
SUBSYSTEM NO. 6' MODEL 301 VERTICAL FIN AERODYNAMIC DATA

i Equations Constant M301 Value

a, bO ' _M' FX' Tables V IV V V, V VI

"';:¢_' I 1 _F = f(_F _F ) '

_VYL,R & _VDL,R KR.= f (6r' MN) Table H III

' |
_" .385it, Tr

,s pA -O.1

I b

_:" I qVL,R _V i

.,. l! YVL,R CYV= f(_v' 6r' %) Tables VI, VII
--- _,

- i:I_( DVL,R CDv=f(_v, 6r, MN) Table V III

i'1
,_:

!

i
30i-099-001 }_-2-'
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t -- IJ%P or di%l IoL,iJrf , O( ddl,t ,.rl Illl', j)dl,i. _',

TABLE VI VERTICAL STABILIZER-LIFT COEFFICIENT (Cyst)

RUDDER ANGLE 0° i0° 20° -i0° -ZO°II

I MACH NUMBER ' MN : 0- .2

m_

I -90 0 0 0 0 0

-40 -i.0 -.96 -.92 -i.07 -i.ii

! " I
-32 -.93 -.84 -.82 -1.02 -1.12

-28 -.94 -.90 -.87 -1.02 -1.09

I -26 -.98 -.93 -.91 -1.07 -i.ii
'.' -24. -1.03 -.98 -.92 -i.ii --1.15

-_*' I'. -22 -1.05 -.98 -.85 -i.14 -i.19
Jl

-20 -1.05 -.88 -.74 -1.15 -1.22

- ' !-16 -.86 -.66 -.52 -I.05 -1.18

. "_.. "12 ".635 ".45 ".30 --.84 ".99l

5 1
_ "8 ".425 ".225 ".09 ".63 --.76

8 .425 .625 .76 .23 .i0

_' I_" __ 12 .635 .84 .99 .44 .31

_ _6 . _6 _. 0_ _. 78 .66 . _2

!, ° 4 4
_, 41k

20 1.05 1.15 1.22 .88 .74

.....I 22 i.05 i.14 i.19 .98 _8524 1.03 i.ii 1.15 .98 .92

i 26 98 1.07 i.ii 93 91 ; _
k, U l e l

| 28,-- .94 1.02 1.09 .90 ,87 %

32 .93 1.02 1.12 .84 .82

I 40 1.0 1.07 i.ii .96 .92

90 o o o o o _

II
!

I

_ 301-099-001 B-29
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HELICOPTER COMPAny _..I)lt_(tto the. r(,,,Irt(10(,f_r_rlIh.. hth. i_,_,lf.

I '
RUDDER TABLEANGLEVII VERTICAL STABILIZER LIFT.6=COEFFICIENT0Q (Cyg)

I (MN) .,, r
MACH NUMBER 0-. 2 .4 .5 .6

'_' I _V NOT NOT NOT-24 . -I.05

"_L -22 -i.05 DEFINED DEFINED DEFINED

-20 .96
1

, -16 -.86. -.60 -.45

-12.. -.635 -.60 .... -.45 . -.32
-i0 -.52. -.575 -.445 -.34

...- l -8 --.425 -.52 -.44 -.34

B

_1 0 -.33 -.43 -.405 -.33

• _ _ ._o _ _o
0 0 0 0 0

:,: 4 .22 .30 .32 .30

I• 6 .33 .43 .405 _ .33

; " ._, 8 .425 .52 .44 .34

_n _o _ _ ._ _4
_ 12 .635 .60 .45 .32,." l 16 .86 .60 .45

i 22 1.05 DEFINED DEFINED DEFINED .....

i 24 1.05

if

i

'i

| _

|
| _.

I
i

301-099-001 B-30
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OPTrER compA_ sul}l_.(I It, lhl' .'_hv(h,,r; ,,n tilt. hll,. p,r.,,

1 ............... 7
!

TABLE VIII VERTICAL .STABILIZER DRAG_COEFFICIENT (CDv)

i ,.,
,-- ,,, = 0 URUDDER ANGLE 6r

MACH NUMBER (MN) 0 - .2 .4 .5 .6

.... -90 .8oo
_J -40 .600

; I . -32 .550 Not
,,, Defined I

:- -28 .435 Not NIto

, -24 .290 _ Defined Defined

_ -20 .162

I "16 .080 .165 !
-12 . .040 .0750 .i00 .ib0

" _ - 8 .0120 .0220 .0350 .060
I - 4 .0070 .0070 .0075 .010

_-_! 0 .00355 .00355 .00355 .00355

. , 4 .0070 .0070 .0075 .010

_ .o_o .o_o ._o ._o .
16 .080 .165

I 20 .162 Not

24 .290 Not Defined
Defined _

• 28 .435 Not '_.
• 32 .550 Defined

90 .800
l

I
I

_01-099-001 B-"I

/
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(1_ BELL i (J%t* r,f (h*r h,'.ljf,. .,I ,I.I1,1 ..I trli* I," .... , I
HELICOPTER COMPA_' ] _,_ll_l,"{t t_, tl., t.,,l_-I,,,r, .(, t., r,r ,. i,,,_,, I

1 TABLE VIV-- SIDEWASH FACTOR (l-b_Ib_ _, FOR ELAPS F1 & F4

F-LAPS FI (0/0) AND F4 (-28/-17.5)
SIDESLIP ANGLE _FI " DEG

I _M % 20
0 4 8 12 16 >50

DEG DEG TO
50

i 0 <-12 1.0 1.0 1.0 1.0 1.0 I.O I.O-3 1.0 i.i 1.05 1.015 0.985 1.01 1.0

' 0.4 i.0 i.038 i.044 0.965 0.933 i.0 i.0

• 6.8 1.0 0.863 0.810 0.772 0.787 0.958 1.0

I 13.2 1.0 0.524 0.517 0..474 0.491 0.673 1.0

,_. > 28 1.0 1.0 1.0 1.0 1.0 1.0 1.0

_ 30 <-10.5 1.0 1.0 1.0 1.0 i°0 I.O 1,0

_" -3. 1.0 1.13 1.072 0.97 1.025 1.0 1.0

0.5 1.0 1.248 1.093 0.977 l.Olb 1.056 1.0

": 6.9 1.0 ').995 0.961 0.865 0..845 0.953 1.0

_, i 13.3 1.0 0.677 0.595 0.523 0.526 0.681 1.0

=_ >_ _o _o _o _o _o _o _o_ _o <_ _o _o _o _o _o _o _o
_.= _ _o _ _o_ _o _oo _ _oo_ _o _ _o_ o_ _o_ _o_ _oi o, _o o_ o,_ o_ o_ o_ _o

_ 13.3 1.0 0.69 0.645 0.585 0.59 0.7 1.0

I > 28 1.0 1.0 1.0 1.0 1.0 1.0 1.090 < -8 1.0 1.0 1.0 1.0 1.0 1.0 1.0

_-. -3. 1.0 1.09 1.10 1.18 1.15 1.04 1.0
_" !1 0.2_ 1.0 1.0 1.0 1.0 1.0 1.0 1.0

'i_ II 7.0 1.0 0.834 0.865 0..866 0..842 0.924 1.0
13.5 1.0 0.659 0.676 0.622 0.642 0.680 1.0

i > 2_ 1.o 1.o 1.o 1.o _..o 1.o 1.o

1_. ,

t
..

I

I .
301-099-001 B-32
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,i_

_ BELL lJ_ ii dl 41f lr, _ _ll_,_ , _ I i

,- HELICOPTER ¢=OMI}A_r ',lH,Ivtl 5, Ihf r,-'.'r;, I, f ., ,,l !h,

i j

';_ _____.)
f TABLE VV 81DEWASH FACTOR (i - FOR PLAPS F2

I},; FLAPS F2 - (40/25)

' II M S_DESL_P,ANCLEI_1 " DEC_,, I_ _F 0 4 8 12 Yo 20 >50
DEG bEG to

I . 500 _ -22.0 1.0 1.0 1.0 1.0 1.0 1.0 l._-__

I -3.2 1.0 1.315 1.2b 1.185 i.I 1.059 1,01.0 i.O 1.228 1.208 1.12 1.045 i._0 1.0

7.3 1.0 0.89 0.91 0.80 0.809 0..86 1.0

_"" 13.5 1.0 0.535 0.59 0.396 0.443 0.678 1.0

_1: . i >. 28.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

I_'i\ %,, -3.1 1.0 1.005 1.027 1.055 1.14 1.055 1.0
II

" _ I i.i 1.0 i.i 1.115 1.058 1.12. 1.065 1.0

1.o1.o 5
I 13.b 1.0 .884. 0.82 0.629 0.456 0.6&9 1.0

_i • >. 28.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

_ I b0 _ -19.5 1.0 1.0 1.0 1.0 1.0_ 1.0.. 1,0

_' 1.03 1.08 i.i17 1.04 . i_0

I
_ 3 _ 0 1.0 1.02

/

_$_ I 1.2 1.0 0.945 1.07 0.998 1.05 1.219 L.0.

I_ 7.4 1.0 1.03 0.985 1.015 0.95 0.908 1.0
I 13.0 1.0 0.915 0.9 0.8 0.bi 0.745 1.0

, I >. 26.o 1.o 1.o 1.o 1.o 1.o 1.o 1.o i_i

90 .< -18.0 i..0 1.0 1.0 1.0 1.0 1.0 1.0

I -3.1 1.0 1.07 1.121 l.lb 1.072 1.04 1.0 '

,- 1.2 1.0 0.984 1.15 1.09 1.05 1.064 1.0 _.

5.4 1.0 0.982 1.035 1.03 0.993 1.015 1.0

_" _ 14,0 1,0 0.842 0,74 0.77 0.695 0,725 1.0

I :_ 28,0 1.0 1 1.0 1.0 1.0 1,0 1,0 1.0

I

I

I 301-099-001 B 73

i

00000003-TSD09



1
_1_ IE_I_LL'* [J%l' r)f IJlhlllJ%llfP ,,f 'bird 'J; Ihl'_ Ihl; i, . 1

HELICOPTER COMr'_NY '.,.Iqell h_ Illl, fi...tfk t=,,li .',tl Ih_. t,th. IJ.,;,.

TABLE VVI SlDEWASH FACTOR (i -_F ) FOR FLAPS F3I
FLAPS F3 (75/47)

I SIDE sLIP ANGLE [_F'[ " DEC_M _F -
0 4 8 12 L6---_ 20 >50

DEG DEG to

I 0 .< -30.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

-3.1 1.0 1.8 1.22 1.155- 1.105 1.048 1.0

I 1.2 1.0 1.128 1.185 1.125 1.045 !.01 1.0

5.3 1.0 0.846 0.99 0.948 0.92 0.862 1.0

I 13.5 1.0 0.535 0.65 0.44 0.51 0.65 1.0
>, 28.0 1.0_ i..0 1.0 1.0 1.0 1.0 1.0

I '" 30 .<-29.0 1.0 1.0_ 1.0 1.0 i..0 1.0 1.0

-3.0 1.0 1.05 1.072 i.14 i.135 1.08 1.0

I 1.3 1.0 0.979 1.01 1.105 i.i 1.035 1.0

5.5__ 1.0 0.82 0.862 0.998 0.986 O._q32 1.0

I 13.5 1.0 0.65 0.72 0.7 0.52 0.78 1.0
>, 28.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

I 60 ,< -28.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
-3.0 1.0 1.025 1.082 i.15 i. 115 1.075 1.0

1.3 1.0 0.915 1.005 i.i i.i 1.04 1.0
5.5 1.0 0.855 0.90 1.015 0.955 0.995 1.0 _ .

13.5 1.0 0.73 0_8 0.8 0.61 0.82 i..0__ _i

>. 28.0 1.0 1.0 1.0 ..... 1.0 !.0 1.0 1.0

90 .<-2o.o 1.0 1.0 1.o 1.o 1.o 1.o 1.o
-2.9 1.0 1.058 1.15 1.145 1.075 1.04 1.0 ,_ .

1.3 1.0 1.0 1.12 1.12 1.05 1.088 1.0 ,,i_

I 5.0 1.00.9051.0051.03 0.99 1.0281.0 _ ....
13,5 1.0 0.782 0.70 0.72 0.00 0.71 1.0

I >. 28.0- 1.0 1.0 1.0 1.0 1.0 1.0 1.0

I

I __
I 301-099-001 B-34

00000003-TSD10



BEL.IL... J [J',_ or (h,_Oo_ur_ ol rhlhl tm Ihl', I),.i_' i_ I
HEU_PTER COM_NV _,lll)Jr(.I h* the rpqrulmrl c.i till, hlh, Jmrl."

...... iii
..... m | . . m , j

i SUBSYSTEM NO. 7: MODEL 301 _NDING GE_ DATA
Equation Constant M301 Value

i_. i DM_ DOMGDf(t) 4 I. II "
. I !

"_ 3 .... -- DOMG D

rl' I
DNG DoN_f(t) _ / ....I I

._i:" m 2 •

_( /" { • I

:'- 1 q DONGD

II
m '_ 0 I .0 2 4 6 8

!' 1

.... 3 _DoMGU ,

I DMG DOMGUf(t) _ "'_2 _ "

i DNG DONGUf(t) o ,1 DONGU _'

--_ 0 2 4 6 8 i0 _ "

I TIME, t - SECS.

I

I ..
301-099-001 B-_5

h

00000003-TSD11



BELL IJ_,t, or dP,(Im, lJlP nl d,ll,J r;fl tr.,, P,"W i',

Hi.LICi::iPTER c_OMI_ANY %IllilV(I to tilt' rPqllfli.n <,it Ii1,, hlh. ll,lllf,

L . .
J

I SUBSYSTEM NO. 8(a): MODEL 301 CONTROL SYSTEM DATA

Equation Constant M30] Value

I b 0o
-- Tabl.c C IV

80L' eOR b Xco L

!
= f (_M) Table C IV

i OOLL _

b @0 f
--= (_M) Table C III

i'ii!, i 5XLT

b B 1 =f (_M) Table C I

I BIR' BIL b XLN

I bB 1
=f (_M' VT) Table C II

b XpD

! b6
" 6 e -4.16

i e b XLN

00000003-TSD12



(1_ BELL U',P or (h=,rh,_.fl . .I rl,=t,j IhL',
f,[_ I'.

HELICOPTER coMPANy %iH)ll,Clh)Ih=, f{,.,hlr ll_m {_n lb. hth p,lq*'

•i ' l
i ..................

'i

;"':'" I TABLE CI FORE AND AFT CYCLIC PITCH - /-(_Bl'bXl, N)

;; I bB 1
MAST --

:_ ANGLE _)XLN

I (DEG) (o
/in)

0 2.1
m

I i0 2.09

20 1.98

_'- I 30 1.81
mm

m _ 40 1,60

60 1.04 _

_ !_" . 70 .71

_ I so .362
"' 90 0c"

_ (XLN = +-4.8 in) (BI = i0.0625 ° @ _M = 0°)

': i TABLE CII IlIFFERENTIAL CYCLIC PITCH (_BI/bXpD)
I

bBl (O/in) _

I MAST DXpDANGLE '_

(DEG) 0 - 60 KTS 80 KTS i00 KTS-_ i
7

I o 1.6 1.o4 .4oi0 1.58 1.025 .394
"" 20 1.51 .975 .375

I 30 1.39 .90 .345 ._

' I 40 i.225 .795 .305
-- ._,,,, 50 1.035 .b7 .257

60 .803 .52 .200

I 70 .55 .325 .13780 .28 .18 .069

90 0 0 0 "

I = +-2.5 in
XpD

--=4.o° o-6o_B

I Z2.6° 80

1

Zl. 0° i00
L

_ 01-099-001 B-37

O0000008-TSDI 8



I TABLE CIII DIFFERENTIAL COLLECTIVE PITCH

MAST ANGLE _bo/_XLT

J (DEG) (o/in)

0 0.625

J i0 .606
20 .575

J 30 .541
40 .50

I 50 .438
- 60 .365

I 70 .29380 .209

90 .12/_

I _
(XLT -- +4.8 in )

I (_o = +-3°@ _H = o)

J TABLE (]_.IVCOLLECTIVE PITCH, (beo/bXco11;@OLL) "

I _)E)c/rOXco i @OLL _ .

MAST ANGLE (o

I (DEG) /in) (DEG) .,,

0 1.17 35.5 _

I i0 i. 12 36.0 ",-20 1.08 37.1 _ _'

30 i.00 39.5

40 0.85 42.7

I 50 0.69 4b .b
60 O. 50 50.4 G

70 0.31 53.5

80 0.13 55.990 0 57 ..i_

_ 301-099-001 B°3_

00000003-TSD]4



EI-.ICOPTIER, COMpAI_y %uhJPrl10 IIw rf,,.h,(ht,h ,,rl I1.. hlh. I,,..'

TABLE CV CONVERSION RATE (_M)

<: I
,,. MAST

¢: I ANGLE (o_M_'" (DEG) /See)

I -5 3_(I)
._, 0 3.o(I)

,_; 2 3.o(1)
;' l 2.5 15.o(2)
ii:' i0 14.25

" _": I 20 13-.3

"_ 30 12.45

J i 40 ii. 7

50 11.4

_._,| (,o ll.4[ ._._ 70 11.63

;_ I 80 12.5_ 87 14.0 (2)

g: 87.5 2.8 (17

_; I 90 2..8(11

I (17 When conversion starts at mast angle of

-5, 0 or 90; _M = 2.8 or 3.0. Wken conversion

l stops at mast angle of -5, 0, or 90; _M = 0

j t

I (2) At from quarter rate to max rate; At = .05 sec _**',L

I j.,,

!

I 301-099-001 !'_"''(_

O0000003-TSE01



(_ IBELL tl'_e of dr_l I..,ur_. ,A _lai,j , rl tf ,.. pJ,,, ,,. "7HELICOPTER C,OMpA_y _.hp,(I t. I1.' I,.'_h. h,,f_ ,h I!1_ t,H," b'",' !

I TABLE CVI XTHR VS XcoL

I XCOL XTHR
(INCH) (DEG)

_" I 0 46.0 1
1.0 51.0

I 2.0 56.33-.0 61.2

' I 4.0 65.8

5.0 70.5
6.0 75.0

i 9.0 88.0
10.0 92.3.

Ii.0 90.2
_! 12.0 I00.0

I TABLE CVII _ GOVERNOR GAIN i'

/ I _M :'(DEG) K'RPG
x_

t5 o.l

i 30 0.1 ,45 o.1 I"
00 0.i

I 75 0.i

90 0.I - - -_

I ____
I
I 301"099"001 I'-'_'

..... m

00000003-TSE02



'N,,:

L
I I_ B.4,_
I :01- _,_-001

O0000003-TSE03



_l_= _i-" ] _J%p +,r d, .c h,'.ijr,, ,,f rhlt,] ,ji t_,j, ij 1......
HELICOPTER cc_MP&Ny %lllHl'tt t(, 1_iI' I+" If ii l,+ J +rll t+'+' till," lJ,J,,'"

, , m .................

'+ SUBSYSTEM 8(b): MODEL 301 FORCE GRADIENT DATA

,+, Equation Constant M301 Valu( +.-'

_,+* I FLN FLNO 2

i'_" I FLNI 0 for VT < V]

+_!, .0264 for VT _>V]
5

+,i, FLN 2 0 for VT < V 2

_: .056 for VT > V2

p ., V1 _5--

, • .__.:,, +11 FLT FLTO

>': FLT 1 0 for VT < V

i!
.0107 for VT _> Vl

i FLT 2 0 for VT < !2. -

I .033b for VT _> V2

+" V1 35 +

+ I V2 '
175

I FeD FpDO
FpD I 0 for VT < VI

_' I .148 for V > V 1 :_

i FpD 2 0 [or VT < V2

1.21 _ot:\_l. " ,
VI 0 -

V2 135

I _01-099-001 B- "

. _'.'t-':'
I I I III -- I I I I II III q I " I

00000003-TBE04



HELICOPTER COMPANY I '-rabid,it If, Ill)I_.'.h.h,,J, .r, I'_). )lq', I',)','

t

FCOL F4 0

',, NOTE: Breakout forces are adjusted by the pilot by varying the friction.

I

'$_ I

I

$_

'_ I

II ........

!
I -

i 301-099-001 ))' "
..... -_ . , , , . . , m.= | , . m __.--.JL

O0000003-TSE05



BELL iJse nr dl%<IO%LJfq,0I ddt,j '.r, thn', I,,i ]1 ['_HELICOPTER COmpANY Stl_lt.£l tl) I[11 ) IP_lllc Iic,Ii :,t/ tfi+. t,'.. f)_l(l_._)
t "
i SUBSYSTEM NO. 9: M301 INERTIA COEFFICIENT DATA (AFT CC)

Equation Constant M301 Value

I IXX KII -- 20"5 Slugs = FtZ/deg
+

I Iyy KI2 11.24 Slugs - Ft2/deg

I IZZ KI3 9.26 Slugs - Ft2/deg

• I IXZ KI4 1.76 Slugs Ft2/deg

I

1
I
!

I

l 301-099-001 B-44

O0000003-TSE06



• I_ o 141 _ 'IP+,'I +"_' "IbP*t"

HELICOPTER COMPANY _.ulq*.*ttu ill,, tt..,It.h,t, .il tr.. hli+. Ira(i.'

I
SUBSYSTEM NO, 14: M301 GROUND EFFECT ROLLING MOMENT COEFFICIENT DATA

I Equation ........Constant M301 Value

I IA IGO -8270 Ft, ibs,Deg,

i IGI 26186 Ft, ibsj
Deg,-Ft,

IG2 -23369 Ft, ibs,t

I Deg''Ft 2

i IG3 6336 Ft, ibs,.Deg. -Ft 3

I

I

i

i ,+

i '++

I i,

I I
imp_ _

I

t

I 301"099"001 B-'_

00000003-TS£07



. I_IIi_I-"L I (J%_' t')t (h%(l(r_Ht,' .I d,ll+| (,rl trh,. O,Ih, . 1HEI..IC--.,OI='TIER L:_mmNy Ii +'utq"+'++lt,+ lh,+ rf.'dl ,<h,,p ,,n tin+ tdh. iJ,_,+,II

i SUBSYSTEM NO. 17: M3OI COLLECTIVE GOVERNOR DATA

Equation .... Constant M301 Value

- _f_OINT 1i.3

I %00 _ RO i.o++

| _.,
" KIC (_M) _r .5

' 0 30 O0 90

Ii .v.RpG (SM) Table C VII

• "..... / C VIII

'* |
"i' s

| '"
's

| I
,i

I
f

!
t

i

301-099-a01 B-46



(1_ BELL [l'_l, _ll ¢ln'_tIi,._=,,, ',1 -II lb., p._, , _,HELICOId'TEN L_omPAe_v %.hlP(I I(i It.. ii Ir I1.11 {Jrl Ihl. till, , '1I.

i i

I SUBSYSTEM NOv 18_: MODEL 301 ENGINE DATA
Equat ions Cons rant M_O ] V, [ue

HP -0.04K1

K2 ] ._,,

I K3 0

I RPMRO K4 13100
Q

K5 _ 235

•_;* I K6 475

! T K7 288

HPRo C K8 O. 266

.. _ K9 -8.97
S

i KI0 0
__ I KII 0.0032

K] 2 0.875

I KI3 0.00125

I KI4 0 "
•

¢ tD 0. i •s

i :
dHPRos pctmxs 6.0 _,

_ | d%os {p ctmxp 6.0 t "
d t TL{

I
| _-

301-099-001 B-47

........... | | , m [ --_"

00000003-TSE09



I I

BELL I IJ_'('nl (hvIm, iH__ i,I (h)l,i ,;h Ihl,, P,t(I" r, |HELICOPTER COMPANY I _,tjljll,(I to lhf, f_,_,lfi( Ii:Jll (Jii Ih," tltir I),lyv /

I i I• -' i i i :

......._.........:i i!i ii• ,.- , . q , -": ........ ! i , ...... LTCIK 4K"i.L.i.: k:. k _: : ' _ "
I . _ ..... " " t "t '" " ' ' " ' " "J _ . .._..4_-.._ ............... -_......,-..._:...... j ......:.96.57, N_ = 26400 RPM .....

':-'T'[ .... :'" I .. : ' l i " , /- ' ./' : .L •; ; i :F' ' : ' . ,:., ' . I : . ,

I .......:.!--]!-_.4=f.'-d_ ¤_"_-4_r -I ....r-t ': [" _ ....' ! :• , ' ; : .:" , " i. , . i : : , " : " i

• -l. :.... i_.J=_ P�Ø�_.:_,.k[._._,._:-_-_.I...._ ._...._-f,-i -I...... i .i I , ...... I . '
' --! ..+-_.:.;-1200 i_- _-- -_--_,,,,-,,,,_--,--l--:r'_--_-,:-' :.- ..... ".... :......!" .....

i . I- : i : ":'." "'. " ": " . " ... • I ' - .

,,. .,....I....,....i.........l,-:.._..._Bii._._:_ .._:.,..:.I....z _...._ ! _._, , .....
' L.: _.!.-I_i_;__i-!,__.l,._-_J_:..!:..._.___....'_--_......:-i-4--M--i ._., .... _F:_=_!;"Z::_I.iI:!_" ::, .I. i ' - i._ ,' _.x.-. ,; / : , :i .. : . _

• .....F ;'"':t "';:'-'1":''I+;':: '"":;':-I= .... i -_' "d': ....... P_: " "I.... : ""t " _ "'".... _..... I" ; ""

i " _ : _" :';-;'::" " '_ '" :" :_ " : " : ' ;: " ' " " " " ': 0 '" ; " " "

•.: :=4= _. :-'............-.-.._-:..........__j_.:_.......I.....".......i..
- • , ....... :"_: ' .. " :' _ . .; . , _ , • - . - • • i

• ,'" i " . I .. , I ........... : "_,-.I :.-: - • _ -
. .......................................I:......iI.:...;_!'}_._::_':'}"_i.-'il-'_!':....'"':":.........":I.,.'.I , , ,

_k'-_ '_:_'_:...._'_+-_-f-'......"-'...."...._'--_.........'• :--_-_" _r i__ _: .,..::: . -,. : ! : _ I !. 7[.:.

I . .... ,...-..,.,.......I-.... i;:ik! '['t '.. ." .... ' . " "i " . ...... .I .,. ,. • . .

_.. --.-_-,.8oo_:, _,_',...._- -_-_...:-_-r,_..............t ' _--:_-:--_-"_..............• -; 4 ' 1.-_.1 .;.

I .:LL:.:.-: ' .. ; .::,:.::: ,': '.|; : ': ',:;:' .].: :: ..; .'. ' :, ........ ' " ' " . ; '"A _L"'J :' '-:'= ="'"'_==' :" _:....................... _.... :-: '¢ .... :" r • ::......... _....... _ :l': _ i-II i!iii:!llili!i!!121!I!!i :I
.... L. -. "!_ if." ............. _ " : .."..... _........... ,..... :.:..t_ . • . : , ..,..1.. 1.., .......• ; I_ : .z ' _.L_,z_;.- .; ....... :, :_ .............................................. t ......

_" }i i } ...........I.......
I .... _ - _,v,, ..... ; ; : :_;I'- " * .... " ', ' " • ,_ :_I_,_....•-_.....,II____;.!_ ,,i!...!.

-: :T-_:--I_.._.-_-_-,--_'-_-.ftk---...,..........!--__-_-_, : _1 .'. .-:.' ..... ' I _-_ i_ _:/: :: ..i ._ . ". : :,.. .._ , _:. ! '. . " ' .I _. #.. '. _ I." ". I" ._ I : ! '_ t " ; I ' ,
• '. • ! ;. : . . _:: . ," ' ' i / ',. _ '.___--n_ il . _ 1 _ ;." I,. ..... ' I ;r_"_" '_ :'" ..... I t.:"...... . ........ J ' "" ' '

I ,....._4'-_, :, ,.....-- ,-..........._.........._.........,.......,--I_ ......._-_.4oo -,,-..-..... ,-.-.--_.-.-¢.....-_..... , j ! , ,
•! " :" '. ' '. .I ' :' I {:'_.. i.• _ I :I' ' ' ' ' I ,

_" ..... : ....._-:_-.={._''--'-i.-::>!ij:F4:-i'f::'t �¼��' " .t. : • {" 't.'.:]_i ., : ,........, ............--_. :__-.- __,-I.'_"-_r "_" :.I ,....! :t "....i :!_::!....I:-'_4-_
• ' '. !!"t.':: .:_'t'::.. :': :' :'. : : ," :" .: . -': i: :" . I I • ".'. i . : _ ;. :

..... '_-_'"_00 L"_-- I._.=L_f-.._ ,._::_:.:J-;.--.. :-,-....... [ ......... ,, ..... LI ...... :'!"_" .... t'-':"_:'-t'-
• : :': :".:I'" " :: f" • :"l " " : " .. '. I. ' _ : I ':' ' ,

I :: ::' :' "': " "' " " ; "" " _:' " ' 'J " ' : ' ' "; "" ' " 1" :" ;.': - i- •
" ::. • ,'I: :1 ; ..... .' "_' ;' ' ' " ::" 1": ': :" "' " I " " • " :: ..... :. .:" ", ':1 ':!_:,_ _, I -' IZ_L2L_.= L : ......_;:...;..t;-.-._.-, ..... 4.14-:.... 4..--,--.-I--_--.-.,_--

-"_ ...... ": * • r-. , _-_" • ; ; ....... ' I ' " !. : '.. I. " I • "

• _A ;.-;.1-;._ .A: .._ ;%L:. ._ LL: ...... _._..... ;:',":l-.'_l;..-; ...,., ..L " ; t ........ ,'I" :I _', ! !_._ i " ' " ,• : ................. ,"-_ i : ........;..l...r:-l:._..t• 1.-,.1 • t"_ ' . ,. i"I!:. [. :l_.l: i-.
I .,L--.L.--4--4-,_ 0 _ ! i ' ,: _ t i _ ' _ ' ' ,. "'"--I" ... " ..... ¢":i..i!.::li:r.or: ._400'l.._800:;.:._1200i ].6oo.] 2ooo:.._FI:

-:--i--=ff-.-_"-F-+-,---_,-.......(SH_/_Ve)^,_ '-_......I'_-i.....T--m-_:-r ,_
" ; ; ,- "_ " '1 . . ,.' t ' '! ' ; " .

I
I Figure BI. T53 Engine AccelerationCharacteristics _'-

301-099-001 B-48

i
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BELL [ [l%e .r dl'_fl.',.II.,ild,lhlII, lh,',I"='I',', 1
HELICOPTER G(:;:)MPANY S.hlI,Cl h_ ll_i.li,..Ir,_l.,,_. !., hlh jmq,,

:"i I SUBSYSTEM NO. 19: MODEL 301 DRIVE SYSTEM DATA
Equation Constant M301Vn]u:_

I _ I1 824.0 S].ug-Ft2

I Fl(t)' _RPT @RPTI -- 35.2

O INT @INT1 1i.3

I
nR nRO

i,

!

I

I

*|

|

| ,
p

I

!

I 301=099-001 B-49

00000003-TSE11



i]li_ BELL [ { '';'' _)_ {Tl'l' I''':f* ',1 '!lb= I _ r { ' q IJiJll ' l ]

: _llil,,V HELICOPTER ,_-_,MPANV- ] _'"hl'"t _'' "_' s,,.tr,,l=,f, ,, It,, I,., i,,' l

I

t SUBSYSTEM NO. 20: M301 SCAS DATA

I Equation Constant M301 Va] tl,

I PSCAS Kip U (U) Table SAS 1
Kgp U (U)

I
KIP_M (_M) Table SAS I

" I Kl0_M (_M)

T2p 3.15 Sec

I
,!.;' T3p 3.15 Sec

I T4p 1.0 Sec

_'" Kiy U (U) Table SAS II

Ksy u (U)

• KiY_M (_M) Table SAS II .,

|
K5
Y_M (_M) L

I
Tiy 0.6 Sec

I T2y 2.7 Sec U "

T3y 2.7 Sec

I T4y 1.0 See _

I RSCAS K1RU (U) Table SAS i .._..

I 301-099-001 B-5!'

00000003-TSE 12



Equation Constant ......... M301 Va l.u_.

KIR_M (_M) 1:,al_lc.SAS ]._l

Kl0__ @M )

I T1R 1.0 Sec
o

,, I T2 R 3.0 Sec

i", 3.0 Scc
T3R

ESAS ESAS 1 54 Inch

_" I RSAS RSASmax 0.80 Inch

-" ASAS ASAS i.54 Inch
- :, max

""l_--_ " PHOLD PHOLD 0.77 Inch

I max

0.77 Inch
, _ RHOLD RttOLDmax

:' |

|

I jo

!

1
301-099-001 B-51

O0000003-TSE13



I_]/_I['L" [F,t" (,f i!r_, I ,_,tf_. ,1 ',JI,J tr:, _.1.,HELICOPTER cOMPANy ,_ijl,li.iI I, II;, l,,h_:t, P', !_t!, ;,.i.,

TABLE SAS I - Gains for Pitch SCAS ElectronicsI"
' t .... ! .... ,, , .....

I .. ; ....... ,....; ....... , ; ' .." I ........

• K4p = i0.0 Kop = 0 K7p = ].0.0
i

L j i..-j:;, ' i i ' :L ' ' i ' :i:.. i i '' ' _ i ; I I ..... , , 1 _ * --

"" I : I. ' : I I _ ! ! '' !/'T.:. : ! _:.... :' KIp U (.t._ i. .... i ........ I Kip_ (I_M). . . = ............ F--_.-.,..................... L :,.
:I.,, ",...L ' I ' ' _ I _ 2 ...... . M

• i ,; :' --"+"_,W._-, .': .',. : i, "-I'- .!.... '. i Ii ; ;
. i . ,_ I .... L ! i i

,4.o---f--'.,-_-_,---i--_.,-'-t----......._--.j. ,, i 'L_i'' _ ! ":"
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